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/iPD72001L Typical microdevice part number 

liP NEC monolithic silicon integrated circuit 

D Device type (D = digital MOS) 
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Single-Chip 
IMicrocomputers 
Selection Guide 



4-Bit, Single-Chip CIVIOS Microcomputers 


Device, 
^iPD 


Features 


Clock Supply 
(MHz) Voltage (V) 


ROM 
(X8) 


RAM 

(X4) 


I/O 


* Package 


Pins 


7502 


inn rnntrnllpr/Hriupr 


0.4 


2.5 to 6.0 




128 


23 


Miniflat 
IVIIIIIIIal 


64 


7503 


LCD controller/driver 


0.4 


2.5 to 6.0 


4K 


224 


23 


Miniflat 


64 


7507 


General-purpose 


0.4 


2.7 to 6.0 


2K 


128 


32 


DIP 

SDIP 

Miniflat 


40 
40 
52 


7508 


General-purpose 


0.4 


2.7 to 6.0 


4K 


224 


32 


DIP 

SDIP 

Miniflat 


40 
40 
52 


75CG08 


Piggyback EPROM 


0.4 


4 5 to 5 5 


2Kor4K 


224 


32 


Ceramic DIP 


40 


7514 


LCD controller/driver 


0.5 


2.7 to 6.0 


4K 


256 


31 


Miniflat 


80 


7527A 


FIP controller/driver 


0.6 


2.7 to 6.0 


2K 


128 


35 


DIP 
SDIP 


42 
42 


7528A 


FIP controller/driver 


0.6 


2.7 to 6.0 


4K 


160 


35 


DIP 
SDIP 


42 
42 


75CG28 


Piggyback EPROM; 
FIP controller/driver 


0.5 


4.5 to 5.5 


4K 


160 


35 


Ceramic DIP 


42 


7533 


A/D converter 


0.5 


2.7 to 6.0 


4K 


160 


30 


DIP 

SDIP 

Miniflat 


42 
42 
44 


75CG33 


Piggyback EPROM; 
A/D converter 


0.5 


4.5 to 5.5 


4K 


160 


30 


Ceramic DIP 


42 


7537A 


FIP controller/driver 


0.6 


2.7 to 6.0 


2K 


128 


35 


DIP 
SDIP 


42 
42 


7538A 


FIP controller/driver 


0.6 


2.7to6.0 


4K 


160 


35 


DIP 
SDIP 


42 
42 


75CG38 


Piggyback EPROM; 
FIP controller/driver 


0.5 


4.5 to 5.5 


4K 


160 


35 


Ceramic DIP 


42 


7554 


Serial I/O; external clock 
or RC oscillator 


0.7 


2.7 to 6.0 


IK 


64 


16 


SDIP 
SOP 


20 
20 


75P54 


Serial I/O; external clock 
or RC oscillator 


0.7 


4.5 to 6.0 


IK 
OTPROM 


64 


16 


SDIP 
SOP 


20 
20 


7564 


Serial I/O; ceramic oscillator 


0.7 


2.7 to 6.0 


IK 


64 


16 


SDIP 
our 


20 
20 


75P64 


Serial I/O; ceramic oscillator 


0.7 


4.5 to 6.0 


1K 
OTPROM 


64 


16 


SDIP 
SOP 


20 
20 


7556 


Comparator; external 
clock or RC oscillator 


0.7 


2.7 to 6.0 


IK 


64 


20 


SDIP 
SOP 


24 
24 


75P56 


Comparator; external 
clock or RC oscillator 


0.7 


4.5 to 6.0 


IK 
OTPROM 


64 


20 


SDIP 
SOP 


24 
24 


7566 


Comparator; ceramic oscillator 


0.7 


2.7 to 6.0 


IK 


64 


19 


SDIP 
SOP 


24 
24 


75P66 


Comparator; ceramic oscillator 


0.7 


4.5 to 6.0 


IK 
OTPROM 


64 


19 


SDIP 
SOP 


24 
24 


75004 


General-purpose 


4.19 


2.7 to 6.0 


4K 


512 


34 


SDIP 
Miniflat 


42 
44 



' Plastic unless ceramic (or cerdip) is specified. 

* Under development; consult Microcontroller Marketing for availability. 
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NEC 



4-Bit, Single-Chip CMOS Microcomputers (cont) 



Device, 
\iPD 


Features 


Clock 
(MHz) 


Supply 
Voltage (V) 


ROM 
(X8) 


RAM 
(X4) 


I/O 


* Package 


Pins 


75006 


General-purpose 


4.19 


2.7 to 6.0 


6K 


512 


34 


SDIP 
Minifiat 


42 
44 


75008 


General-purpose 


4.19 


2.7 to 6.0 


8K 


512 


34 


SDIP 
Minifiat 


42 
44 


75P008 


General-purpose 


4.19 


4.5 to 5.5 


8K 
OTPROM 


512 


34 


SDIP 
Minifiat 


42 
44 


75028 * 


A/D converter 


4.19 


2.7 to 6.0 


8K 


512 


40 


SDIP 
Minifiat 


64 
64 


75P028 * 


A/D converter 


4.19 


4.5 to 6.0 


8K 


512 


40 


SDIP 
Minifiat 


64 
64 


75048 * 


A/D converter; 0.5K EEPROM 


4.19 


2.7 to 6.0 


8K 


512 


40 


SDIP 
Minifiat 


64 
64 


75104 


High-end with 8-bit instruction 


4.19 


2.7 to 6.0 


4096 


320 


58 


SDIP 
Minifiat 


64 
64 


75106 


High-end with 8-bit instruction 


4.19 


2.7 to 6.0 


6016 


320 


58 


SDIP 
Minifiat 


64 
64 


75108 


High-end with 8-bit instruction 


4.19 


2.7 to 6.0 


8064 


512 


58 


SDIP 
Minifiat 


64 
64 


75P108 


High-end with 8-bit instruction; 
on-chip OTPROM or UVEPROM 


4.19 


4.5 to 5.5 


8064 


512 


58 


DIP 

Minifiat 
Shrink cerdip 


64 
64 
64 


75112 


High-end with 8-bit instruction 


4.19 


2.7 to 6.0 


12,032 


512 


58 


SDIP 
Minifiat 


64 
64 


75116 


High-end with 8-bit instruction 


4.19 


2.7 to 6.0 


16,128 


512 


58 


SDIP 
Minifiat 


64 
64 


75P116 


High-end with 8-bit instruction 


4.19 


4.5 to 5.5 


16,128 
OTPROM 


512 


58 


DIP 

Minifiat 


64 
64 


75206 


FIP controller/driver 


4.19 


2.7 to 6.0 


6016 


369 


32 


SDIP 
Minifiat 


64 
64 


75208 


FIP controller/driver 


4.19 


2.7 to 6.0 


8064 


497 


32 


SDIP 
Minifiat 


64 
64 


75CG208 


FIP controller/driver; 
piggyback EPROM 


4.19 


4.5 to 5.5 


8064 


512 


32 


Ceramic SDIP 
Ceramic fiatpack 


64 
64 


7521 2A 


FIP controller/driver 


4.19 


2.7 to 6.0 


12,160 


512 


32 


SDIP 
Minifiat 


64 
64 


7521 6A 


FIP controller/driver 


4.19 


2.7 to 6.0 


16,256 


512 


32 


SDIP 
Minifiat 


64 
64 


75C6216A 


FIP controller/driver; 
piggyback EPROM 


4.19 


4.5 to 5.5 


16,256 


512 


32 


Ceramic SDIP 
Ceramic minifiat 


64 
64 


75P216A * 


FIP controller/driver 


4.19 


4.5 to 5.5 


16,256 
OTPROM 


512 


32 


SDIP 


64 


75268 * 


FIP controller/driver 


4.19 


2.7 to 6.0 


8064 


512 


20 


SDIP 
Fiatpack 


64 
64 


75304 


LCD controller/driver 


4.19 


2.7 to 6.0 


4K 


512 


68 


Minifiat 


80 


75306 


LCD controller/driver 


4.19 


2.7 to 6.0 


6K 


512 


68 


Minifiat 


80 


75308 


LCD controller/driver 


4.19 


2.7 to 6.0 


8K 


512 


68 


Minifiat 


80 


75P308 


LCD controller/driver; 
on-chip OTPROM or UVEPROM 


4.19 


4.5 to 5.5 


8K 


512 


68 


Minifiat 
Ceramic LCC 


80 
80 


75312 


LCD controller/driver 


4.19 


2.7 to 6.0 


12K 


512 


68 


Minifiat 


80 
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4-Bit, Single-Chip CMOS Microcomputers (cont) 



Device, 
|iPD 


Features 


Clocic 
(MHz) 


Supply 
Voitage (V) 


ROM 
(X8) 


RAM 

(X4) 


I/O 


* Package 


Pins 


75316 


LCD controller/driver 


4.19 


2.7 to 6.0 


16K 


512 


68 


Miniflat 


80 


75P316A * 


LCD controller/driver; 
on-chip OTPROM or UVEPROM 


4.19 


2.7 to 6.0 


16K 


512 


68 


Miniflat 
Ceramic LCC 


80 
80 




LCD controller/driver,' 
A/D converter 


4.19 


2.7 to 6.0 


8064 






MiniTiat 


on 


75P328 


LCD controiler/driver; 
A/D converter 


4.19 


4.5 to 5.5 


8064 
OTPROM 


512 


24 


Miniflat 


80 


75402 


Low-end 


4.19 


2.7 to 6.0 


1920 


64 


22 


DIP 

SDIP 

Miniflat 


28 
28 
44 


75P402 


Low-end 


4.19 


4.5 to 5.5 


1920 
OTPROM 


64 


22 


DIP 

SDIP 

Miniflat 


28 
28 
44 


75516 


High-end; A/D converter 


4.19 


2.7 to 6.0 


16K 


512 


68 


Miniflat 


80 


75P516 


High-end; A/D converter 


4.19 


4.5 to 5.5 


16K 
OTPROM 


512 


68 


Miniflat 
LCC 


80 
80 


8-Bit, Single-Chip NMOS/CMOS Microcomputers 


Device, 
M.PD 


Features 


Clocic 
(MHz) 


Supply 
Voltage (V) 


ROM 

(X8) 


RAM 

(X8) 


I/O 


* Package 


Pins 


7810H 


mOS; A/D converter 


15 


4.5 to 5.5 


External 


256 


32 


SDIP 
QUIP 


64 
64 


7811H 


NMOS; A/D converter 


15 


4.5 to 5.5 


4K 


256 


44 


SDIP 
QUIP 


64 
64 


78PG11H 


NMOS; A/D converter 
piggyback EPROM 


15 


4.5 to 5.5 


4K 


256 


44 


Ceramic QUIP 


64 


78C10/78C10A 


CMOS; A/D converter 


15 


4.5 to 5.5 


Externa) 


256 


32 


QUIP 
SDIP 
Miniflat 
PLCC 


64 
64 
64 
68 


78C11/78C11A 


CMOS; A/D converter 


15 


4.5 to 5.5 


4K 


256 


44 


QUIP 
SDIP 
Miniflat 
PLCC 


64 
64 
64 
68 


78C12A 


CMOS; A/D converter 


15 


4.5 to 5.5 


8K 


256 


44 


QUIP 
SDIP 
Miniflat 
PLCC 


64 
64 
64 
68 


78C14 


CMOS; A/D converter 


15 


4.5 to 5.5 


16K 


256 


44 


QUIP 
SDIP 
Miniflat 
PLCC 


64 
64 
64 
68 


78CP14 


CMOS; A/D converter 


15 


4.5 to 5.5 


16K 
OTPROM 


256 


44 


QUIP 
SDIP 
Miniflat 
PLCC 


64 
64 
64 
68 










16K 
UVEPROM 


256 


44 


Ceramic QUIP 
Shrink cerdip 


64 
64 
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8-Bit, Single-Chip NMOS/CMOS Microcomputers (cont) 



Device, 


Features 


Clocl( 
(MHz) 


Supply 
Voltage (V) 


ROM 

(X8) 


RAM 
(X8) 


I/O 


* Package 


Pins 


78213 


CMOS; A/D converter; 
advanced peripherals 


12 


4.5 to 5.5 


External 


512 


54 


SDIP 
QUIP 
Miniflat 
PLCC 


64 
64 
74 
68 


78214 


CMOS; A/D converter; 
advanced peripherals 


12 


4.5 to 5.5 


16K 


512 


54 


SDIP 
QUIP 
Miniflat 
PLCC 


64 
64 
74 
68 


78P214 


CMOS; A/D converter; 
advanced peripherals 


12 


4.5 to 5.5 


16K 
OTPROM 


512 


54 


SDIP 
QUIP 
Miniflat 
PLCC 


64 
64 

7A 

68 










16K 

UVtrnUM 


512 


54 


Shrink cerdip 

l/CldmlC UUlr 


64 

DH 


78220 


CMOS; analog comparator; 
large I/O 


12 


4.5 to 5.5 


External 


640 


71 


PLCC 
Miniflat 


84 
94 


78224 


CMOS; analog comparator; 
large I/O 


12 


4.5 to 5.5 


16K 


640 


71 


PLCC 
Miniflat 


84 
94 


78P224 


CMOS; analog comparator; 
large I/O 


12 


4.5 to 5.5 


16K 
OTPROM 


640 


71 


PLCC 
Miniflat 


84 
94 


78233 * 


CMOS; real-time outputs; 
MD and D/A converters 


12 


4.5 to 5.5 


External 


640 


54 


Miniflat 
Miniflat 
PLCC 


80 
94 
84 


78234 * 


CMOS; real-time outputs; 
NO and D/A converte rs 


12 


4.5 to 5.5 


16K 


640 


54 


Miniflat 
Miniflat 
PLCC 


80 
94 
84 


78P234 * 


CMOS; real-time outputs; 
A/D and D/A converters 


12 


4.5 to 5.5 


16K 
OTPROM 


640 


54 


Miniflat 
Miniflat 
PLCC 


80 
94 
84 


16-Bit, Single-Chip CMOS Microcomputers 


Device, 
[lPD 


Features 


Clock 
(MHz) 


Supply 
Voltage (V) 


ROM 
(X8) 


RAM 
(X8) 


I/O 


* Package 


Pins 


7831 OA 


Real-time motor control 


12 


4.5 to 5.5 


External 


256 


48 


SDIP 
QUIP 
Miniflat 
PLCC 


64 
64 
64 
68 


7831 2A 


Real-time motor control 


12 


4.5 to 5.5 


8K 


256 


48 


SDIP 
QUIP 
Miniflat 
PLCC 


64 
64 
64 
68 


78P312A 


Real-time motor control 


12 


4.5 to 5.5 


8K 
UVEPROM 


256 


48 


Shrink cerdip 
Ceramic QUIP 


64 
64 










8K 
OTPROM 


256 


48 


SDIP 
QUIP 
PLCC 


64 
64 
68 


78320 


High-end; advanced analog 
and digital peripherals 


16 


4.5 to 5.5 


External 


640 


55 


Miniflat 
PLCC 


64 
68 


78322 


High-end; advanced analog 
and digital peripherals 


16 


4.5 to 5.5 


16K 


640 


55 


Miniflat 
PLCC 


64 
68 
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Single^Chip 



16-Bit, Single-Chip CMOS Microcomputers (cont) 



Device, 
^PD 


Features 


Clocic 
(MHz) 


Supply 
Voltage (V) 


ROM 
(X8) 


RAM 

(X8) 


I/O 


* Package 


Pins 


78P322 


High-end; advanced analog 
and digital peripherals 


16 


4.5 to 5.5 


16K 
OTPROM 


640 


55 


PLCC 


68 


71P301 


Port and memory extender 
used with 7832X 
microcomputer family; 
UVEPROM orOTPROM 




4.5 to 5.5 


16K 


IK 


16 


PLCC 
Miniflat 
Ceramic QUIP 


44 
64 
64 


8-Bit, Single-Chip Microcomputers 


Device, 




Clocl( 

^IVIrlZ/ 


Supply 

f\f\ 

voiiage \y) 


ROM 


RAM 

/Yft\ 
(AS) 


i/n 




Pins 


8035HL 


HMOS 


6 


4.5 to 5.5 


External 


64 


27 


DIP 


40 


8039HL 


HMOS 


11 


4.5 to 5.5 


External 


128 


27 


DIP 


40 






•10 


6.0 10 D.U 


External 




97 

CI 


niP 

Miniflat 


40 
44 


80C40H 


CMOS 


12 


2.5 to 6.0 


External 


256 


27 


DIP 


40 


8041AH 


NMOS; universal PPI 


11 


4.5 to 5.5 


IK 


64 


18 


DIP 


40 


80C42 


CMOS; universal PPI 


12 


4.5 to 5.5 


2K 


128 


18 


DIP 

Miniflat 


40 
44 


8048H 


HMOS 


6 


4.5 to 5.5 


IK 


64 


27 


DIP 


40 


8049H 


HMOS 


11 


4.5 to 5.5 


2K 


128 


27 


DIP 


40 


80C49H 


CMOS 


12 


2.5 to 6.0 


2K 


128 


27 


DIP 


40 


49H 


CMOS 


12 


2.5 to 6.0 


2K 


128 


27 


Miniflat 


44 


80C50H 


CMOS 


12 


2.5 to 6.0 


4K 


256 


27 


DIP 


40 


50H 


CMOS 


12 


2.5 to 6.0 


4K 


256 


27 


Miniflat 


44 


8741A 


NMOS; universal PPI; UVEPROM 


6 


4.5 to 5.5 


IK 


64 


18 


Cerdip 


40 


8748H 


NMOS; OTPROM or UVEPROM 


11 


4.5 to 5.5 


IK 


64 


27 


DIP 
Cerdip 


40 
40 


8749H 


HMOS; OTPROM or UVEPROM 


11 


4.5 to 5.5 


2K 


128 


27 


DIP 
Cerdip 


40 
40 
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NEC Electronics Inc. 



V-Series 

Microprocessors and Peripherals 
Selection Guide 



CMOS Microprocessors 



\iPD 


Features 


Data 
Bits 


UIOCK 

(MHz) 


* Package 


Pins 


70008A 


*Z80 microprocessor 


8 


8 


DIP 

Miniflat 
PLCC 


40 
44 
44 


70108 
(V20) 


8088 compatible;. enhanced 


8/16 


8 or 10 


DIP 

Ceramic DIP 

Miniflat 

PLCC 


40 
40 
52 
44 


70116 
(V30) 


8086 compatible; enhanced 


16 


8 or 10 


DIP 

Ceramic DIP 
Miniflat 
Di m 


40 
40 
52 

AA 
HH 


70208 


MS-DOS, V20 compatible CPU with peripherals 


8/16 


8 or 10 


Ceramic PGA 

DI 

Miniflat 


68 

Do 

80 


70216 
(V50) 


IVIO-UVJ9, vou coiTipaiiDie uru wiin peripnerais 


ID/ ID 


or lU 


ruM 

PLCC 
Miniflat 


DO 

68 
80 


70616 
(V60) 


32-bit; high-speed 


16/32 


16 


PGA 


68 


70632 
(V70) 


32-bit; high-speed 


32/32 


20/25 


PGA 


132 


70832 
(V80) 


32-bit; high-speed 


32/32 


25 


Ceramic PGA 


208 


70136 
(V33) 


Hardwired, enhanced V30 


16 


12or16 


PGA 
PLCC 


68 
68 


70236 
(V53) 


V33 core-based; high-integration; DMA, serial I/O, 
interrupt controller, etc. 


16 


- 


Ceramic PGA 


132 


70320 
(V25) 


MS-DOS compatible; high -integration; DMA, serial I/O, 
interrupt controller, etc. 


8/16 


5 or 8 


PLCC 
Miniflat 


84 
94 


70330 
(V35) 


MS-DOS compatible; high-integration; DMA, serial I/O, 
interrupt controller, etc. 


16 


8 


PLCC 
Miniflat 


84 
94 


70325 
(V25+) 


MS-DOS compatible; high-integration; high-speed DMA 


8/16 


8 or 10 


PLCC 
Miniflat 


84 
94 


70335 
(V35+) 


MS-DOS compatible; high-integration; high-speed DMA 


16 


8 or 10 


PLCC 
Miniflat 


84 
94 


70327 

(V25 Software Guard) 


MS-DOS compatible; high-integration; software protection 


8/16 


8 


PLCC 
Miniflat 


84 
94 


70337 

(V35 Software Guard) 


MS-DOS compatible; high-integration; software protection 


16 


8 


PLCC 
Miniflat 


84 
94 


79011 
(V25 RTOS) 


MS-DOS compatible; high-integration; real-time operating system 


8/16 


8 


PLCC 
Miniflat 


84 
94 


79021 
(V35RT0S) 


MS-DOS compatible; high-integration; real-time operating system 


16 


8 


PLCC 
Miniflat 


84 
94 


70322 
(V25 ROM) 


MS-DOS compatible; high-integration; 16K-byte ROM 


8/16 


8 


PLCC 


84 



' Plastic unless ceramic (or cerdip) is specified. 

* For additional information, refer to 1987 Microcomputer Data Book. 
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V-Series 



CMOS Microprocessors (cont) 



Device, 
|xPD 


Features 


Data 
Bits 


Ciocic 
{MHz) 


* Paclcage 


Pins 


70P322 


MS-DOS compatible; high-Integration; 16K-byte UVEPROM; 
V25orV35mocle 


8/16 


8 


Ceramic LCC 


84 


70332 
(V35 ROM) 


MS-DOS compatible; high-integration; 16K-byte ROM 


16 


8 


PLCC 


84 


NMOS and HMOS Microprocessors 


Device, 
^iPD 


Features 


Data 
Bits 


Cioci( 
{MHz) 


* Paclcage 


Pins 


8085A 


*8-bit microprocessor; NMOS or HMOS 


8 


5 


DIP 


40 


8086 


*16-blt microprocessor; HMOS 


16 


8 


Cerdip 


40 


8088 


*8-bit microprocessor; HMOS 


8 


8 


Ceramic DIP 


40 


CMOS System Support Products 


Device, 
|j,PD 


Name 


Data 
Bits 


Clocic 
(MHz) 


* Paclcage 


Pins 


71011 


Clock Pulse Generator/Driver 




20 


DIP 
SOP 


18 
20 


71037 


Programmable DMA Controller 


8 


10 


DIP 

Miniflat 
PLCC 


40 
40 
44 


71051 


Serial Control Unit 


8 


8/10 


DIP 

Miniflat 
PLCC 


28 
44 
28 


71054 


Programmable Timer/Controller 


8 


8/10 


DIP 

Miniflat 
PLCC 


24 
44 

28 


71055 


Parallel interface Unit 


8 


8/10 


DIP 

Miniflat 
PLCC 


40 
44 
44 


71059 


Interrupt Control Unit 


8 


8/10 


DIP 

Miniflat 
PLCC 


28 
44 
28 


71071 


DMA Controller 


8/16 


8/10 


DIP 

Ceramic DIP 

Miniflat 

PLCC 


48 
48 
52 
52 


71082 


Transparent Latch 


8 


8 


DIP 
SOP 


20 
20 


71083 


Transparent Latch 


8 


8 


DIP 
SOP 


20 
20 


71084 


Clock Pulse Generator/Driver 




25 


DIP 
SOP 


18 
20 


71086 


Bus Buffer/Driver 


8 


8 


DIP 
SOP 


18 
20 


71087 


Bus Buffer/Driver 


8 


8 


DIP 
SOP 


20 
20 
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V-Series 



CMOS System Support Products (cont) 



Device, 
|xPD 


Name 


Data 
Bits 


Cioci( 
(MHz) 


* Paclcage 


Pins 


71088 


System Bus Controller 




8/10 


DIP 
SOP 


20 
20 


82C43 


* Input/Output Expander 




5 


DIP 

Skinny DIP 


24 
24 


NMOS System Support Products 


Device, 
M^PD 


Name 


Data 
Bits 


Ciocic 
(MHz) 


* Paclcage 


Pins 


8155H 


* 256 X 8 RAM; I/O ports and timer 


8 


3 or 5 


DIP 


40 


8156H 


* 256 X 8 RAM; I/O ports and timer 


8 


3 or 5 


DIP 


40 


8237A 


* Programmable DMA Controller 


8 


5 


DIP 


40 


8243 


* Input/Output Expander 




5 


DIP 


24 


8251A 


* Programmable Communications Interface 


8 


3/5 


DIP 


28 


8253 


* Programmable Internal Timer 


8 


5 


DIP 


24 


8255A 


*Programmable Peripheral Interface 


8 


5 


DIP 


40 


8257 


* Programmable DMA Controller 


8 


5 


DIP 


40 


8259A 


* Programmable Interrupt Controller 


8 


5 


DIP 


28 


8279 


* Programmable Keyboard/Display Interface 




5 


DIP 


40 
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Intelligent 
Peripheral Devices (IPD) 
Selection Guide 



Communications Controllers 



Device, 
^iPD 


Name 


Description 


Data Rate 


* Package 


Pins 


7201A 


Multiprotocol Serial 
Communications Controller 


Dual full-duplex serial channels; four DMA channels; 
programmable interrupt vectors; asychronous 
COP and BOP support; NMOS 


IMb/s 


DIP 

Ceramic DIP 


40 
40 


72001 


CMOS, Advanced Multiprotocol 
Serial Communications 
Controller 


Functional superset of 8530; 8086A/30 interface; two 
full-duplex serial channels; two digital phase-locl(ed 
loops; two baud-rate generators per channel; loopbaci< 
test mode; short frame and mark idle detection 


C.c. IVID/S 


niP 
Uir 

Miniflat 
PLCC 


**u 
52 
52 


72002 


CMOS, Advanced Multiprotocol Low-cost, single-channel version of 72001; software 
Serial Communications Controller compatible; direct interface to 8237 DMA. 

Not included in 1989-1 990 IPD Data Book; refer to 72002 
data sheet 


2.2 Mb/s 


DIP 

Miniflat 
PLCC 


40 
44 
44 


72101 


CMOS, HDLC Controller 


Single full-duplex serial channel; on-chip DMA Controller. 

Not included in 1989-1990 IPD Data Book; refer to 72101 
datasheet 


4Mb/s 


DIP 
PLCC 


64 
68 


Graphics Controllers 


Device, 
|iPD 


Name 


Description 


Drawing Rate * Package Pins 


7220A 


High-performance 
Graphics Display 
Controller 


General-purpose, high-integration controller; hardwired 
support for lines, arc/circles, rectangles, and graphics 
characters; 1024x1024 pixel display with four planes 


500 ns/dot 


Ceramic DIP 


40 


72020 


Graphics Display 
Controller 


CMOS 7220A with 2M video memory; dual-port RAM control; 
write-masking on any bit; enhanced external synch 


500 ns/dot 


DIP 

Minifiat 


40 
52 


72022 


intelligent Display 
Processor 


Display and image processing for text and sprites; three display 
modes; four-way horizontal split-screen display; CMOS 


500 ns/dot 


PLCC 
Miniflat 


68 
80 


72120 


Advanced Graphics 
Display Controller 


High-speed graphics operations including paint, area fill, 
slant, arbitrary angle rotate, up to 16x enlargement and 
reduction; dual-port RAM control; CMOS 


500 ns/dot 


PLCC 
Miniflat 


84 
94 


72123 


Advanced Graphics 
Display Controller II 


Enhanced 72120; expanded command set; improved painting 
performance; laser printer interface controls; CMOS 


400 ns/dot 


PLCC 
Miniflat 


84 
94 


Advanced Compression/Expansion Engine 


Device, 

\lPD 


Name 


Description 




^Package Pins 


72185 


Advanced Compression/ 
Expansion Engine 


High-speed CCITT Group 3/4 bit-map image compression/expansion (A4 test 
chart, 400 PPi x 400 LPI in under 1 second); 32K-pixel line length; 32-megabyte 
image memory; on-chip DMA and refresh timing generator; CMOS 


SDIP 
PLCC 


64 
68 



Plastic unless ceramic (or cerdip) is specified. 
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NEC 



Floppy-Disk Controllers 



Device, 

ILlPD 


Name 


Description 


Transfer 
Rate 


^ Pacl(age Pins 


765A/B 


Floppy-Disk Controller 


Industry-standard controller supporting IBM 3740 and IBM 
System 34 double-density format; enhanced 765B supports 
multitasking applications 


500 kb/s 


DIP 


40 


7inRR/fiR 
/ 1 U03/00 


Floppy-Disk Interface 


Compatible with 765-family controllers and others,* supports 
multiple data rates from 1 25 to 500 kb/s 


dUU KD/S 


SOP 
SDIP 


28 
30 




Controller 


iuu/0 loofvD ifiibiocouc uoiiipaiiuic, coiiipaiiDic wiin ouoa 

microprocessor families 


1 Mh/Q 


DIP 

PLCC 

Miniflat 


40 
44 
52 


72067 


Floppy-Disk Controller 


CMOS; 765A/B microcode compatible; clock generation/ 
switching circuitry; selectable write precompensation; 
digital phase-locked loop 


500 kb/s 


DIP 

Miniflat 
PLCC 


48 

52 
52 


72068 


Floppy-Disk Controller 


All features of the 72067 plus IBM-PC, PCyXT, PC/AT, or 
PS/2 style registers; 24-ma high-current drivers 


500 kb/s 


Miniflat 
PLCC 


80 
84 


72069 


Floppy-Disk Controller 


All features of the 72067/68 with substitution of high^ 
performance analog phase-locked loop for digital PLL 


1 Mb/s 


PLCC 
Miniflat 


84 

too 


Hard-Disk Controllers 


Device, 
^tPD 


Name 


Description 


Read/Write 
Ciocic 


^Paclcage Pins 


7261A/B 


Hard-Disk Controller 


Supports eight drives in SMD mode, four drives in STS06 
mode; error correction and detection 


23 MHz 


Ceramic DIP 


40 


7262 


Enhanced Small-Disk 
Interface (ESDI) Controller 


Serial-mode ESDI compatible; controls up to seven drives; 
supports up to 80 heads; hard and soft-sector interfacing 


18 MHz 


Ceramic DIP 


40 


72061 


CMOS Hard-Disk 
Controller 


Supports SMD/SMD-E and ST506/412 type dnVes 


24 MHz 


DIP 

Miniflat 
PLCC 


40 
52 
52 


72111 


Small Computer System 
interface (SCSI) Controller 


Selectable 8/1 6 data bus width; 1 6 high^evel commands 
for reduced CPU load; single-command automatic 
execution; 4-Mb sync/async; CMOS 


16 MHz 


SDIP 

Miniflat 
PLCC 


64 
74 
68 



1-14 



SEC 

NEC Electronics Inc. 



DSP and 
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Digital Signal Processors 


It 


Description 


Instruction 
Cycle (ns) 


Instruction 
ROM (Bits) 


Data ROM 
(Bits) 


Data RAM 
(Bits) 


* Package 


Pins 


7720A 


16-bit, fixed-point DSP; NMOS 


244 


512 X 23 


510x13 


128x16 


DIP 
PLCC 


28 
44 


77C20A 


16-bit, fixed-point DSP; CMOS 


244 


512 X 23 


510x13 


128x16 


DIP 

PLCC 

PLCC 


28 
28 

AA 


77P20 


16-bit, fixed-point DSP; CMOS 


244 


512x23 

UVEPROM 


510x13 
UVEPROM 


128x16 


Cerdip 


28 


77C25 


16-bit, fixed-point DSP; CMOS 


122 


2048 x 24 


1024x16 


256x16 


DIP 
PLCC 


28 
44 


77P25 


16-bit, fixed-point DSP; CMOS 


122 


2048 x 24 
OTPROM 


1024x16 
OTPROM 


256x16 


DIP 
PLCC 


28 
44 








2048x24 
UVEPROM 


1024x16 
UVEPROM 


256x16 


Cerdip 


28 


77220 


24-bit, fixed-point DSP; CMOS 


122 


2048x32 


1024x24 


512x24 


Ceramic PGA 
Di rr 


68 

Do 


77230AR 


32-bit, floating-point DSP; CMOS 


150 


2048 x 32 


1024x32 


1024x32 


Ceramic PGA 


68 


77230AR-003 


32-bit, floating-point DSP; CMOS; 
standard library software 


150 


n/a 


n/a 


n/a 


Ceramic PGA 


68 


77P230R 


32-bit, floating-point DSP; CMOS 


150 


2048 x 32 
UVEPROM 


1024x32 
UVEPROM 


1024x32 


Ceramic PGA 


68 


77810 


16-bit fixed-point modem DSP; CMOS 


181 


2048 x 24 


1024x16 


256x16 


Ceramic PGA 
PLCC 


68 
68 


7281 


Image pipelined processor; NMOS 


5-MHz 
clock 


n/a 


n/a 


512x18 


Ceramic DIP 


40 


9305 


Support device for )xPD7281 
processors; CMOS 


10-MHz 
clock 


n/a 


n/a 


n/a 


Ceramic PGA 


132 


Speech Processors 


Device, 
\lPD 


Name 


Clock 

Technology (MHz) 


Data ROM 
(Bits) 


* Package 


Pins 


7730 


ADPCM Speech Encoder/Decoder 


NMOS 


8 






DIP 


28 


77C30 


ADPCM Speech Encoder/Decoder 


NMOS 


8 






DIP 
PLCC 


28 
44 


7755 


ADPCM Speech Synthesizer 


CMOS 


0.7 




96K 


DIP 
SOP 


18 
24 


7756 


ADPCM Speech Synthesizer 


CMOS 


0.7 




256K 


DIP 
SOP 


18 
24 


77P56 


ADPCM Speech Synthesizer 


CMOS 


0.7 




256K 
OTPROM 


DIP 
SOP 


20 
24 


7757 


ADPCM Speech Synthesizer 


CMOS 


0.7 




51 2K 


DIP 
SOP 


18 
24 


7759 


ADPCM Speech Synthesizer 


CMOS 


0.7 




1024K 
external 


DIP 

Miniflat 


40 
52 



Plastic unless ceramic (or cerdip) is specified. 
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V-Series Development Tools Selection Guide 


Part 
Number 
(Note 1) 


Full 

Emulator 


Full 

Emulator 
Probe 


MInME 
Emulator 


MInME 
Probe 


Evaluation 
Boards 


EPR CM/OTP 
Device 


Relocatable 
Assembler 
(Note 13) 


C Compiler 
(Note 14) 


l»PD70136GJ-12 


IE-70136-A016 


EP-70136L-A 
(Note 2) 


IE-70136-PC 


EP-70136L-PC 
(Note 2) 


DDK.70136 




RA70136 


CC70136 


jttPD70136GJ-16 


IE-70136-A016 


EP-70136L-A 
(Note 2) 


IE-70136-PC 


EP.70136L.PC 
(Note 2) 


DDK.70136 


- 


RA70136 


CC70136 


j*PD70136L-16 


IE-70136-A016 


EP-70136L-A 


IE-70136-PC 


EP-70136L-PC 


DDK.70136 




RA70136 


CC70136 


jttPD70136L-12 


IE-70136-A016 


EP-70136L-A 


IE-70136-PC 


EP.70136L.PC 


DDK.70136 


- 


RA70136 


CC70136 


jtiPD70136R-12 


IE-70136-A016 


EP-70136L-A 
(Note 3) 


IE-70136-PC 


EP-70136L.PC 
(Note 3) 


DDK.7Q136 




RA70136 


CC70136 


|ttPD70136R-16 


IE-70136-A016 


EP-70136L-A 
(Note 3) 


IE-70136-PC 


EP.70136L.PC 
(Note 3) 


DDK"70136 




RA70136 


CC70136 


|ttPD70208GF-8 


IE-70208-A010 


(Note 12) 


EB-V40MINI-IE 


- 


EB-70208 


- 


RA70116 


CC70116 


l*PD70208GF-10 


IE-70208-A010 


(Note 12) 


EB-V40MINME 




EB.70208 




RA70116 


CC70116 


l*PD70208L-8 


IE-70208-A010 


IE-70000-2958 


EB-V40MINI-IE 


ADAPT68PGA 
68PLCC 
(Note 4) 


EB.70208 




RA70116 


CC70116 


jttPD70208L-10 


IE-70208-A010 


IE-70000-2958 


EB-V40MINI-IE 


ADAPT68PGA 
68PLCC 
(Note 4) 


EB.70208 


- 


RA70116 


CC70116 


l*PD70208R-8 


IE-70208-A010 


IE-70000-2959 


EB-V40MINI-IE 


(Note 4) 


EB.70208 


- 


RA70116 


CC70116 


j*PD70208R-10 


IE-70208-A010 


IE-70000-2959 


EB-V40MINI-IE 


(Note 4) 


EB.70208 


- 


RA70116 


CC70116 


jttPD70216GF-8 


IE-70216-A010 


(Note 12) 


EB-V50MINI-IE 




EB70216 




RA70116 


CC70116 


j*PD70216GF-10 


IE-70216-A010 


(Note 12) 


EB-V50MINI-IE 


- 


EB70216 


- 


RA70116 


CC70116 


j*PD70216L-8 


IE-70216-A010 


IE-70000-2958 


EB-V50MINI-IE 


ADAPT68PGA 
68PLCC 
(Note 4) 


EB70216 




RA70116 


CC70116 


jttPD70216L-10 


IE-70216-A010 


IE-70000-2958 


EB-V50MINI-IE 


ADAPT68PGA 
68PLCC 
(Note 4) 


EB70216 


- 


RA70116 


CC70116 


|ttPD70216R-8 


IE-70216-A010 


IE-70000-2959 


EB-V50MINI-IE 


(Note 4) 


EB70216 


_ 


RA70116 


CC70116 


jttPD70216R-10 


IE-70216-A010 


iE-70000-2959 


EB-V50MINi-IE 


(Note 4) 


EB70216 


- 


RA70116 


CC70116 


j*PD70320GJ 


IE-70320-A008 


EP.70320GJ 
(Note 5) 


EB-V25MINI-IE-P 


EP.70320GJ 
(Note 6) 


DDK.70320 




RA70320 


CC70116 


j*PD70320GJ-8 


IE-70320-A008 


EP-70320GJ 
(Notes) 


EB-V25MINI-iE-P 


EP-70320GJ 
(Note 6) 


DDK.70320 




RA70320 


CC70116 


jttPD70320L 


IE-70320-A008 


EP-70320L 


EB-V25MINI-IE-P 


(Note 7) 


DDK-70320 




RA70320 


CC70116 


j*PD70320L-8 


IE-70320-A008 


EP-70320L 


EB-V25MINI-IE-P 


(Note 7) 


DDK-70320 




RA70320 


CC70116 


|iiPD70322GJ 


IE-70320-A008 


EP-70320GJ 
(Note 5) 


EB-V25MINI-IE-P 


EP-70320GJ 
(Note 6) 


DDK-70320 




RA70320 


CC70116 


ftPD70322GJ-8 


IE-70320-A008 


EP-70320GJ 
(Note 5) 


EB-V25MINI-IE-P 


EP-70320GJ 
(Note 6) 


DDK.70320 




RA70320 


CC70116 


jaPD70322L 


IE-70320-A008 


EP-70320L 


EB-V25MINI-IE-P 


(Note 7) 


DDK-70320 


70P322K 
(Note 10) 


RA70320 


CC70116 



50173 
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Part 
Number 
(Note 1) 


Full 

Emulator 


Full 

Emulator 
Probe 


MinME 
Emulator 


Mini-IE 
Probe 


Evaluation 
Boards 


EPROM/OTP 
Device 


Relocatable 
Assembler 
(Note 13) 


C Compiler 
(Note 14) 


|ttPD70322L-8 


IE-70320-A008 


EP-70320L 


EB-V25MINI-IE-P 


(Note 7) 


DDK70320 


70P322K 
(Note 10) 


RA70320 


0070116 


|iiPD70325GJ-8 


IE-70325-A008 


EP-70320GJ 
(Notes) 


(Note 12) 


(Note 12) 


DDK-7032S 




RA70320 


0070116 


JUPD70325GJ-10 


IE-70325-A008 
(Note 8) 


EP.70320GJ 
(Note 5) 


(Note 12) 


(Note 12) 


DDK-7032S 




RA70320 


0070116 


MPD70325L-8 


IE-70325-A008 


EP-70320L 


(Note 12) 


(Note 12) 


DDK-7032S 




RA70320 


0070116 


lttPD70325L-10 


IE-70325-A008 
(Note 8) 


EP-70320L 


(Note 12) 


(Note 12) 


DDK-7032S 




RA70320 


0070116 


juPD70327GJ-8 
(Note 9) 


IE-70320-A008 


EP-70320GJ 
(Note 5) 


EB-V25MINI-IE-P 


EP-70320GJ 
(Notes) 






RA70320 


0070116 


jttPD70327L-8 
(Note 9) 


IE-70320-A008 


EP-70320L 


EB-V25MINI-IE-P 


(Note 7) 






RA70320 


0070116 


jiiPD70330GJ-8 


IE-70330-A008 


EP-70320GJ 
(Notes) 


EB-V3SMINI-IE-P 


EP-70320GJ 
(Notes) 


DDK-70330 




RA70320, 


0070116 


jttPD70330L-8 


IE-70330-A008 


EP-70320L 


EB-V35MINI-IE-P 


(Note 7) 


DDK-70330 


- 


RA70320 


0070116 


jttPD70332GJ-8 


!E-70330=A008 


EP-70320GJ 
(Notes) 


EB-V35MINI-IE-P 


EP-70320GJ 
(Note 6) 


DDK-70330 




RA70320 


0070116 


jttPD70332L-8 


IE-70330-A008 


EP-70320L 


EB-V3SMINI-IE-P 


(Note 7) 


DDK-70330 


70P322K 
(Note 10) 


RA70320 


0070116 


jttPD70335GJ-8 


IE-70335-A008 


EP-70320GJ 
(Notes) 


(Note 12) 


(Note 12) 


DDK-70330 




RA70320 


0070116 


jaPD70335GJ-10 


IE-70335-A008 
(Note 8) 


EP-70320GJ 
(Notes) 


(Note 12) 


(Note 12) 


DDK-70330 




RA70320 


0070116 


jttPD70335L-8 


IE-70335-A008 


EP-70320L 


(Note 12) 


(Note 12) 


DDK-70330 




RA70320 


0070116 


jttPD70335L-10 


IE-70335-A008 

(Note 8) 


EP-70320L 


(Note 12) 


(Note 12) 


DDK-70330 


_ 


RA70320 


0070116 


|tiPD70337GJ-8 
(Note 9) 


IE-70330-A008 


EP-70320GJ 
(Note S) 


EB-V35MINI-IE-P 


EP-70320GJ 
(Note 6) 






RA70320 


0070116 


|uPD70337L-8 
(Note 9) 


IE-70330-A008 


EP-70320L 


EB-V35MINI-IE-P 


(Note 7) 






RA70320 


0070116 


ittPD79011GJ-8 
(Note 11) 


IE-70320-A008 


EP-70320GJ 
(Notes) 


(Note 12) 


(Note 12) 






RA70320 


0070116 


]ttPD79011L-8 
(Note 11) 


+IE-70320-RTOS 


EP-70320L 


(Note 12) 


(Note 12) 






RA70320 


0070116 


jttPD79021L-8 
(Note 11) 


IE-70330-A008 
+IE-70330-RTOS 


EP-70320L 


(Note 12) 


(Note 12) 






RA70320 


0070116 



Notes: 

( 1) Packages: 



Package 


Description 


GF 


80 -pin plastic minlflat 


GJ 


74-pin or 94-pin plastic miniflat 


K 


84-pln ceramic LOO with window 


L 


68-pin or 84-pin plastic LOO 


R 


68-pinPGA 



( 2) The EP-70136GL-A and EP-70136L-PC contain both a 68-pln 
PLCO probe and an adapter which converts the 68-pin PLOO 
probes to a 74-pln miniflat footprint. 



( 3) 68-pin PGA parts are supported by using the EP-701 36L^ PLOO 
probe or EP-701 36L-PO PLOO probe, plus a PLOO socket with a 
PGA-plnout. A PLOO socket of this type Is supplied with the 
EP-70136L-A. 

( 4) The EB-V40 MINI-IE and EB-VSO MINI-IE support PGA packages 
directly; the ADAPT68PGA68PLCO adaptor converts the PGA- 
plnout on the MINI-IE to a PLOO footprint. This adaptor Is 
supplied with the MINI-IE. 
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( 5) The EP-70320GJ Is an adaptor to the EP-70320L, which converts 
84-pln PLCC probes to a 94-pin minlflat footprint. For GJ parts, 
both the PLCC probe and the adaptor are needed. 

( 6) The EP-70320GJ adaptor can be used to convert the supplied 
84-pln PLCC cable of the EB-V25 MINI-IE-P or EB-V35 IVIINi-IE-P 
to a 94-pin minif iat. 

( 7) The EB-V25 IVIINI-IE-P and EB-V35 IVIINI-IE-P are supplied with an 
84-pln PLCC cable. 

( 8) At the current time, the emulators for the j[iPD70325 and 
|uPD70335 are specified to 8 MHz. Contact your local NEC Sales 
Office for the latest information on 10 MHz emulation. 

( 9) Development for the jttPD70327 or |*PD70337 can be done using 
the appropriate jAPD70320 or jt(PD70330 tools; however, debug- 
ging of programs in the Software Guard mode is not supported 
at this time. 

(10) The jttPD70P322K EPROM device can be used for both jttPD70322 
and j»PD70332 emulation. The |ttPD70P322K EPROM device can 
be programmed by using the PA-70P322L Programming Adapter 
and the PG-1500 EPROM Programmer. 

(11) For emulation of jnPD79011 or |*PD79021, the base emulator 
(IE-70320 or IE-70330) plus Real-Time Operating System soft- 
ware IE-70320-RTOS or iE-70330-RTOS) Is required. 

(12) This emulation option is not currently supported, but may be 
available In the future. Contact your local NEC Sales Office for 
further information. 



(13) The following relocatable assemblers are available: 



RA70116-D52 For V20®/V30®/ 


(VS-DOS®) 


RA70116-\An"1 V40^/V50™ 


(VAX/VMS™) 


RA70116-VXT1 


(VAX/UNIX^- 4.2 BSD or Ultrix"*) 


RA70136-D52 ForV33™ 


(MS-DOS) 


RA70136-WT1 


(VAX/VMS) 


RA70136-VXT1 


(VAX/UNIX 4.2 BSD or Ultrix) 


RA70320-D52 For V25™ and V35^' 


' (MS-DOS) 


RA70320-WT1 


(VAX/VMS) 


RA70320-VXT1 


(VAX/UNIX 4.2 BSD or Ultrix) 



(14) The following C compilers are available: 



CC70116-D52 

CC70116-WT1 

CC70116-VXT1 


ForV20/V30/ 
V40/V50 and 
V25/V35 


(MS-DOS) 
(VAX/VMS) 

(VAX/UNIX 4.2 BSD or Ultrix) 


CC70136-D52 

CC70136-WT1 

CC70136-VXT1 


ForV33 


(MS-DOS) 
(VAX/VMS) 

(VAX/UNIX 4.2 BSD or Ultrix) 


CC70320-D52 

CC70320-WT1 

CC70320-VXT1 


ForV25and V35 


(MS-DOS) 
(VAX/VMS) 

(VAX/UNIX 4.2 BSD or Ultrix) 



V20 and V30 are registered trademarl^ of NEC Corporation. 
V25, V33, V35, V40 and V50 are trademarlts of NEC Corporation. 
MS-DOS is a registered trademark of Microsoft Corporation. 
VAX, VMS and Ultrix are trademarl^s of Digital Equipment 
Corporation. 

UNIX is a trademaric of AT&T Bell Laboratories. 
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System PG-1500 Absolute 



Part Number 
(Note 1) 


Emulator* 


Add-on 
Board'' 


Evaluation EPROM/OTP 
Board Device 


Adapter 
(Note 2) 


Assembler 
(Note 3) 


jaPD7501G-12 


EVAKIT-7500B 


EV7514 


SE-7514A 


- 


ASM75 


|LiPD7502G-12 


EVAKIT-7500B 


EV7514 


SE-7514A 


- 


ASM75 


lttPD7503G-12 


EVAKIT-7500B 


EV7514 


SE-7514A 


- 


ASM75 


iaPD7506C 


EVAKIT-7500B 


- 


SE-7508 


- 


ASM75 


|uPD7506CT 


EVAKIT.7500B 


- 


- 


- 


ASM75 


j*PD7506G-00 


EVAKIT-7500B 


- 




- 


ASM75 


|ttPD7507C 


EVAK1T-7500B 


- 


ittPD78CG08E 


- 


ASM75 


jttPD7507CU 


EVAKIT.7500B 


- 


- - 


- 


ASM75 


lttPD7507G-00 


EVAKIT-7500B 


- 


- 


- 


ASM75 


jttPD7507HC 


EVAKIT.7500B 


EV7508H 


j*PD75CG08HE 


- 


ASM75 


|ttPD7507HCU 


EVAKIT-7500B 


EV7508H 


- 


- 


ASM75 


ittPD7507HG-22 


EVAKIT-7500B 


EV7508H 




- 


ASM75 


jttPD7507SC 


EVAKIT-7500B 


- 


SE-7508 


- 


ASM75 


iuPD7507SCT 


EVAKIT-7500B 


- 


- 


- 


ASM75 


ittPD7508C 


EVAKIT-7500B 


- 


|ttPD78CG08E 


- 


ASM75 


|uPD7508CU 


EVAKIT-7500B 


- 


- 


- 


ASM75 


jaPD7508G-00 


EVAKIT-7500B 


- 


- 


- 


ASM75 


juPD75CG08E 


EVAKIT-7500B 


- 


- - 


- 


ASM75 


jaPD7508AC 


EVAKIT-7500B 


- 


SE-7508 


- 


ASM75 


jttPD7508HC 


EVAKIT-7500B 


EV7508H 


jttPD75CG08HE 


- 


ASM75 


jttPD7508HCU 


EVAKIT-7500B 


EV7508H 




- 


ASM75 


jaPD7508HG-22 


EVAKIT-7500B 


EV7508H 




- 


ASM75 


jttPD75CG08HE 


EVAKIT-7500B 


EV7508H 


- 


- 


ASM75 


fiPD7514G-12 


EVAKIT-7500B 


EV7514 


SE-7514A 


- 


ASM75 


jttPD7516HCW 


EVAKIT-7500B 


EV7500FIP 


- - 


- 


ASM75 


|ttPD7516HG-12 


EVAKIT-7500B 


EV7500FIP 






ASM75 


ittPD7516HG-36 


EVAKIT-7500B 


EV7500FIP 


jaPD75CGl6HE 




ASM75 


|tiPD75CG16HE 


EVAKIT-7500B 


EV7500FIP 






ASM75 


jttPD7519HCW 


EVAKIT-7500B 


EV7500FIP 






ASM75 


|aPD7519HG-12 


EVAK1T-7500B 


EV7500FIP 






ASM75 


jttPD7519HG-36 


EVAKIT-7500B 


EV7500FIP 


|ttPD75CGl9HE 




ASM75 


|ttPD75CG19HE 


EVAKIT.7500B 


EV7500FIP 






ASM75 


jttPD7627AC 


EVAKIT-7500B 


EV7528 


l*PD75CG28E 




ASM75 


lttPD7527ACU 


EVAKIT-7500B 


EV7528 






ASM75 


|*PD7528AC 


EVAKIT-7500B 


EV7528 


jttPD75CG28E 




ASM75 


jttPD7528ACU 


EVAKIT-7500B 


EV7528 






ASM75 
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System 




PG-1500 


Absolute 


Part Number 




Add-on 


Evaluation 


EPROM/OTP 


Adapter 


Assembler 


(Not6 1) 


Emulator'' 


Board'' 


Board 


Device 


(Note 2) 


(Note 3) 




cVAKI I-7500D 


EV7528 








ASM75 


jttrU753oU 


C\/A l^iTT7cnr»D 


EV7533 




jUrU7pUaooc 




ASM75 


jtiPD7533CU 


cVAKn-7o00D 


EV7533 








ASM75 




bVAN I-700UD 


tV7ooo 








ACK/I7JS 

AolVi70 


juPD75UCa33c 


cVAKIT-7500d 


tV7533 








ASM 75 


jttPD7537AC 


EVAKIT-7500B 


EV7528 




|UPD75CG38E 




ASM75 


jttPD7537ACU 


cVAKIT-7500d 


EV7528 








ASM75 


jiiPD7538AC 


EVAKIT-7500B 


tV7528 




|uP075CG38E 




ASM75 


jttrU7o3oAL/U 


cVAKI i-7o00d 


EV7528 








ASM75 


JllrlJ70Ub30C 


CVAKI 1-7500 b 


EV7528 








ASM75 


jttrD75o4Uo 


cVAr\IT-7500D 


c:V7o54A 


SE-7554A 


|ttrU7oro4Uo 


DA *7EDe/ir^C 


ASM75 


JttrU7004u 


C\/A i^iT "rennD 
cVAW l-7o00b 


fcV7004A 


SE-7554A 


jttrU70ro4u 


DA TeDE/l/*^0 


AolVI70 


jllPD75ro4Uo 


cVAKIIvoOOd 


cV75o4A 








ASM75 


jttrD7oro4« 


cVAN I-7o00d 


tV7o54A 








AbM70 


jttPD7556CS 


cVAI\IT-7o00d 


EV7554A 


SE-7554A 


j»PU75rOOOo 


DA •^CDC^^O 


ASM75 


jttPD7o56G 


tVAKIT-7o00D 


EV7554A 


SE-7554A 


jaPu75P5oQ 




ASM75 


jttPD75P5ouS 


tVAKIT-7500B 


EV7554A 








ASM75 


jUrD7oPODti 


cVAI\IT-7o00d 


cV7004A 








AolVI7o 


ii.pn75fi4CS 


EVAKIT-7500B 

lMaVr\l\l I f WWWU 




SE-7554A 


uPD75P64CS 


RV-75P54CS 

tr\ i wnw"TWW 


ASM75 


jttPD7564G 


EVAKIT-7500B 


EV7554A 


SE-7554A 


jnPD75P64G 


R\-75P54CS 


ASM75 


JIIPD75P64CS 


EVAKIT-7500B 


EV7654A 








ASM75 


JUPD75P64G 


EVAKIT-7500B 


EV7554A 








ASM75 


j»PD7566C3 


EVAKiT-7500B 


EV7664A 


SE-7554A 


jnPD75P66CS 


R\-75P56CS 


ASM75 


/*PD7566G 


EVAKIT-7500B 


EV7554A 


SE-7554A 


jaPD75P66G 


R\-75P56CS 


ASM75 


jttPD75P66CS 


EVAKIT-7500B 


EV7554A 








ASM75 


jttPD75P66G 


EVAKIT-7500B 


EV7554A 








ASM75 



* Required tools 
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Notes: 

(1) Packages: 

Package Description 

C 28-pin plastic DIP (|tiPD7506/07S) 

40-pln plastic DIP (|*PD7507/07H/08/08A/08H) 

42-pin plastic DIP (ittPD7527A/28A/33/37A/38A) 
CS 20-pin plastic shrink DIP (|ttPD7554/P54/64/P64) 

24-pin plastic shrink DIP (iiPD7556/P56/66/P66) 
CT 28-pin plastic shrink DIP 

CU 40-pin plastic shrink DIP (jttPD7507/07H/08/08H) 

42-pin plastic shrink DIP 

(MPD7527A/28A/33/37/37A/38A) 
CW 64-pin plastic shrink DIP 

E 40-pln ceramic piggy-back DIP (jttPD75CG08/08H) 

42-pin ceramic piggy-back DIP (|iiPD75CG28/33/38) 

64-pin ceramic piggy-back QUIP 

(ittPD75CG16H/19H) 
G 20-pin plastic SO (mPD7554/P54/64/P64) 

24-pin plastic SO (jtiPD7556/P56/66/P66) 
G-00 52-pin plastic mlniflat 

G-12 64-pin plastic minif lat (inPD7501/02/03/16H/19H) 

80-pin plastic miniflat (|nPD7514) 
G-22 44-pin plastic mlniflat 
G-36 64-pin plastic QUIP 

(2) By using the specified adapter, the PG-1500 EPROM programmer 
can be used to program the OTP device. 

(3) The ASM75 Absolute Assembler is provided to run under the 
MOS-DOS® operating system. (ASM75-D52). 



MS-DOS is registered trademark of Microsoft Corporation. 
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Part Number 
(Note 7) 


Main Board 
Emulator* 


Add-on 
Board* 


Emulation 
Probe* 


Optional Socket 
Adapter (Note 1) 


EPROM/OTP 
Device (Note 2) 


neiwcsuiDie 

Assembler 
(Note 5) 


oi ru V 1 ui e w 
Assembler 
(Note 6) 


jttPD75004CU 


EVAKIT-75X 


EV-75008 


(Note 3) 


- 


l»PD75P008CU/DU 


RA75X 


ST75X 


|uPD75006GB 


EVAKIT-75X 


EV-75008 


EP-75008GB 


EV-9200G-44 


j»PD75P008GB 


RA75X 


ST75X 


l*PD75006CU 


EVAKIT-75X 


EV-75008 


(Note 3) 


- 


j*PD75P008CU/DU 


RA75X 


ST75X 


|uPD75006QB 


EVAKIT-75X 


EV-75008 


EP-75008GB 


EV-9200G-44 


l»PD75P008GB 


RA75X 


ST75X 


l*PD75008CU 


EVAK1T-75X 


EV-75008 


(Note 3) 


- 


j*PD75P008CU/DU 


RA75X 


ST75X 


l*PD75008GB 


EVAKiT-75X 


EV-75008 


EP-75008GB 


EV-9200G-44 


jttPD75P008GB 


RA75X 


ST75X 


|tiPD75P008CU 


EVAKIT-75X 


EV-75008 


(Note 3) 






RA75X 


ST75X 


l*PD75P008DU 


EVAKIT-75X 


EV-75008 


(Note 3) 




— ^ 


RA75X 


ST75X 


j*PD75P008GB 


EVAKIT-75X 


EV-75008 


EP-75008GB 


EV-9200G-44 




RA75X 


ST75X 


ftPn7i?n9Rr'W 


CVMIM I-/OA 


CV-/OU*K3 




/Mnta A\ 


f 1 Pn7*;pn9ftP.w 


RA75X 


ST75X 




C V/MM I'f OA 


C\/-7*?fUlft 
CV-/OU*tO 






fiPn7«;pn9ARn 


RA75X 


ST75X 


itPn7*iPn9fln\A/ 

\Mr\J 1 Or U&OwVV 


C VAiM l"f OA 


CV-f OU*rO 




\yiyjw *Tj 




RA75X 


ST75X 


jaPD75P028GC 


EVAKIT-75X 


EV-75048 


(Note 4) 


(Note 4) 


- 


RA75X 


ST75X 


j*PD75048CW 


EVAK!T-75X 


EV-75048 


(Note 4) 


(Note 4) 




RA75X 


ST75X 


;iPD75048GC 


EVAKIT.75X 


EV-75048 


(Note 4) 


(Note 4) 


r 


RA75X 


ST75X 


j*PD75104CW 


EVAKIT-75X 


EV-75108 


(Note 3) 


_ 


j*PD75P108CW/DW 


RA75X 


ST75X 


jtiPD75104G 


EVAKIT-75X 


EV-75108 


EP-75108GF 


EV-9200G-64 


lttPD75P108G/GF 
l*PD75P116GF 


RA75X 


ST75X 


|ttPD75104GF 


EVAKiT-75X 


EV-75108 


EP-75108GF 


EV-9200G-64 


MPD75P108G/GF 
l»PD75P116GF 


RA75X 


ST75X 


|ttPD75104AGG 


EVAKIT-75X 


EV-75108 


EP-75108GF 


EV-9200G-64 




RA75X 


ST75X 


|ftPD75106CW 


EVAKIT-75X 


EV-75108 


(Note 3) 




j»PD75P108CW/DW 


RA75X 


ST75X 


j»PD75106G 


EVAKIT-75X 


EV-75108 


EP-75108GF 


EV-9200G-64 


j*PD75P108G/GF 
|ttPD75P116GF 


RA75X 


ST75X 


|aPD75106GF 


EVAKIT-75X 


EV-75108 


EP.75108GF 


EV-9200G-64 


|ttPD75P108G/GF 
itPn7RPiiAnp 


RA75X 


ST75X 




CVMIM I-/OA 


CV-r 01UO 


Cr-zOlUOVJir 


PX/.Qonnri-ftA 

C V-S7i£UUUI'0'r 




RA75X 


O 1 /OA 


juPD75108AGC 


EVAKIT-75X 


EV-75108 


EP-75108GF 


EV-9200G-64 




RA75X 


ST75X 


l*PD75108CW 


EVAKIT-75X 


EV-75108 


(Note 3) 




ittPD75P108CW/DW 


RA75X 


ST75X 


JIPD75108G 


EVAKIT-75X 


EV-75108 


EP-75108GF 


EV-9200G-64 


fiPD75P108G/GF 
fiPD75P116GF 


RA75X 


ST75X 


l*PD75108GF 


EVAKIT-75X 


EV-75108 


EP-75108GF 


EV-9200G-64 


iaPD75P108G/GF 
jttPD75P116GF 


RA75X 


ST75X 


|ttPD75P108BGW 


EVAKIT-75X 


EV-75108 


(Note 3) 






RA75X 


ST75X 


^4PD75P108CW 


EVAKIT-75X 


EV-75108 


(Note 3) 






RA75X 


ST75X 


jttPD75P108DW 


EVAKIT-75X 


EV-75108 


(Note 3) 






RA75X 


ST75X 


jttPD75P108G 


EVAKIT-75X 


EV-75108 


EP-75108GF 


EV-9200G-64 




RA75X 


ST75X 


l»PD75112CW 


EVAKiT-75X 


EV-75108 


(Note 3) 




ittPD75P116CW 


RA75X 


ST75X 
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Part Number 

(NOIG 7j 


Main Board 
bmuiator^ 


Add-on 
Board* 


Emulation 
Probe* 


Optional Socket 
Aaapter (Note i ; 


EPR CM/OTP 
Device (Note Z) 


Relocatable 
Assembler 
(Note 5) 


Structured 
Assembler 
(Note 6) 




tVAW I-ZOA 


tV-70lUo 


CD 7eiAO/^C 

tr-7oi0ocir 


fcV-y200b-D4 


jlirU75r ilovar 


RA75X 


ST75X 


jttrUf 01 lOUW 


CVAlM I'fOA 


C\/ 7RmQ 


(IMOtd 3; 




«< D n7R D < 1 ar^XM 


RA75X 


ST75X 


firUfoi lOcir 


C\/A1^IT7CV 

tVAt\ll-70A 


c\/ Tin no 


CD 7e4AO^C 

cr-7oi0ovar 


C\/ QOAAO' OA 


..Dn7cDi icr^c 
jarU7ori|DVar 


RA75X 


ST75X 


firU/OnnoDvar 


CV/AI^IT7kY 
CVAIVI 1-1 OA 


C\/ 7Rirto 
CV-#01Uo 


CD 7RiAQ/^C 

tr-7oiUo\ar 


c\/ ooaao a a 




DA 7RY 

riAZoA 


OT7RY 

o 1 70A 


jttrU7or 1 1 OwW 


CV/A I^IT 7CV 

CVAM I-70A 


c\/ TtsHtyo 


(IMOtd 3} 






RA75X 


ST75X 


jttrP7or iiobr 


C\ /A I^IT 7C V 

cVAKn-70A 


tV-7o108 


EP-75i08Gr 


Cl # A AA A^ O Jl 

CV-9200G-64 




RA75X 


ST75X 


jtirlJ75ZuoOW 


C\ /A I^IT 7e V 

cVAI\IT-70a 


C\l 7e'0 4&A 

cV-7o2ioA 


(Note 3) 




fir u7or 2 1 oAt/W 


RA75X 


ST75X 


juPD7520oG 


cVAKIWoa 


cV-7o21dA 


EP-7521dAQF 


EV-9200G-64 




RA75X 


ST75X 


jttrU7o20oUW 


CV/A I^IT 7CV 

tVAN I-70A 


bV-702 IDA 


(Not© 3) 




..Dr\7CDA4eA ^\AI 

jttr U7or2 1 oAoW 


RA75X 


ST75X 




tVAN I-70A 


tV-7o2lDA 


tr-7o2ioAbr 


tV-920Ub-o4 




RA75X 


ST75X 




tVAM I-/OA 


C\/ 7RO'lftA 

tV-702lDA 


(INOte 3; 






DA7RV 

HA7oA 


ST75X 


■1 Dn7Kr»rs one a c a 


tVAixl I-70A 


C\/ 7RO'ieA 

tV-7o2TDA 


CD 7COH<SA^C 

tr-7o2ioAar 


C\i AAAA^ fi>i 

t:V-92u0a-o4 




RA75X 


ST75X 


•■Dn7ISOHOAr^\A/ 

jUrU f 0£ 1 cAU W 


tVArxl I'fOA 


C\/ 7ROieA 


(NOT© 3; 




.<Dn7eDOieA^\A/ 

/tirU7or2ioAUVv 


RA75X 


ST75X 


•f Dn7K0 1 ACtC 


C\/AI^IT7RV 


C\/ 7ROiAA 

tV-702 IDA 


CD 7RO<ieA/^C 

tr-7oZioAvar 


c\/ ooaao ha 
tV-9200b-04 




DA7RV 

nA7oA 


ST75X 


jttr U752 lOAUW 


CXI A If IT 7RV 


tV-7o2 lOA 


(Not© 3) 




jttr lj7or2 1 dAUW 


RA75X 


ST75X 


jttrU7oZ lOAbr 


tVAI\IT-70A 


cV-7021dA 


CO •yB!fi4&Af^C 

tr-752ioAtir 


C\ # A AAO^ ^ >l 

qV-9200a-D4 




BA75X 


ST75X 


jUr U7oUv:i 21 oAc 


C\/A I^IT 7RV 

tVAM I-70a 


fcV-7o2 lOA 


(Not© 3) 






RA75X 


ST75X 


» Dn7R^^O-<ftACA 
JUr U / OUUI £.1 OACA 


Er\/AI^IT7RV 

tVAMi-fOA 


C\/ 7ROi6A 

tV-7o2lOA 


CD 7eO<lfiAOC 

tr-7oZioAvar 


C\/ QOAA/^ HA 

tV-9200b-o4 




DA7RV 

HA7pA 


o l7oA 


JttrU / Or 1 DAU W 


CVArvlr/OA 


C\/ 7ROiftA 

tV-/0<:iOA 


(NOt© oj 




D n7R DO i ei A r^vA/ 
jtirUZOrZ lOAUW 


dAtry 
riA7oA 


CT7RY 

o 1 75A 


jar U70^O oUW 


C\/AI^IT7RV 

tVAM I-70a 


C\/ 7R0 4eA 

tV-702 lOA 


(NOT© 3j 




» D n7e DO 4 A A/ 

jttrU7or2iDAUW 


RA75X 


ST75X 


JUrU7020ouir 


ex /A I^IT 7R V 

tVAivl I-70a 


tV-7o2 lOA 


cr-7o2 loAbr 


C\t AAAA^ O 

cV-9200ci-d4 




RA75X 


ST75X 


jttrlJ7o3u4br 


n\ /A U'lT 7C V 

tVAM r-70A 


tV-7o308 


(Not© 3) 


r"\ / nn/\A^ OA 

CV-9200G-80 


jttPD75P308Gr/K 


RA75X 


ST75X 


... Dr^7K«3ria<'icr 
jU;rU/0«3UOlar' 


tVAI\i I-70A 


tV-70oUo 


(Not© 3; 




•< Dn7RDOAoocr/ii^ 
/*r U7or30ovaP/l\ 


RA75X 


ST75X 


•t Dn7R<3nQ/^C 

jurU70oUovar 


c:\/ai^it7rv 
tVAM I-70A 


tV-7ooOo 


(Not© 3) 


C\# AAAAr* OA 

CV-9200UI-8U 


|*r IJ7or308Gr/rv 


RA75X 


ST75X 


jttrU70r30oar 


C\/A I^IT 7CV 

cVAI\n-70A 


C\# 7eiaAO 

tV-7o30o 


(Not© 3) 


C\# AAAA^ OA 

CV-9200G-80 




RA75X 


ST75X 


jttrU70roUol\ 


tVAMr70A 


C\/ 7tr<3AO 


(Not© 3) 


C\l AAAA^ OA 

CV-9200G-80 




RA75X 


ST75X 


•f Dn7KCl1 OOP 


C\/AI^IT7RY 

CVArxl l-f OA 


tV-f ooOo 


(NOi© o) 




„ D n7R D0 1 ft c 

jllrU/ oro iDtar 


DA7RY 


OT7RY 
O 1 / OA 


ft D n7R DO i ftr. P 
jttru f Or o 1 Ova r 


CVAIM I-/OA 


tV-/OoUo 


(NOt© O) 






t3A7RY 
nA70A 


OT7RY 
O I70A 


jur u / oocovav./ 


CVAIM l-f OA 


C\/ 7ROOQ 
CV-/0O'e:O 


/Kin* A 0\ 

(NOt© 3; 




i> D n7RbooQ/^r^ 


DA7RY 
nArOA 


OT7rY 
O 1 70A 


jUr U r OrOfOClU 


C\/AI^IT7RY 
CVAr\l l-/OA - 




(NOt© o) 






DA7RY 

MAZoA 


OT7RY 

o 1 70A 


on7e>i nor* 
jKrU70402U 


C\/A WIT 7eV 

cVAKn-7oA 


cV-7o402 


(Not© 3) 




« D I^Trer D ii A A^ 

|ttPD75P402C 


RA75X 


ST75X 


ttPD75402CT 


EVAKIT.75X 


EV-76402 






iiPD7^P402CT 


RA75X 


ST75X 


ittPD75402GB 


EVAKIT-75X 


EV-75402 


EP-75402GB 


EV-9200G-44 


|ttPD75P402GB 


RA75X 


ST75X 


jttPD75P402C 


EVAKIT-75X 


EV-75402 


(Not© 3) 






RA75X 


ST75X 


1»PD75P402CT 


EVAKIT-75X 


EV-75402 


(Not© 3) 






RA75X ; 


ST75X 


jaPD75P402GB 


EVAKIT-75X 


EV-75402 


EP-75402GB 


EV-9200G-44 




RA75X 


ST75X 


jttPD75516GF 


EVAKIT-75X 


EV-75516 


(Not© 3) 




j»PD75P516GF/K 


RA75X 


ST75X 


jaPD75P516GF 


EVAKIT-75X 


EV-75516 


(Not© 3) 






RA75X 


ST75X 


jttPD75P5liSK 


EVAKIT-75X 


EV-75516 


(Not© 3) 











* R©quir©d Tools 
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Notes: 

(1) The EV-9200G-XX is an LCC socket with the footprint of the flat 
package. One unit is supplied with the probe. Additional units are 
available as replacement parts in sets of five. 

(2) All EPROM/OTP devices can be programmed using the NEC 
PG-1500. Refer to the PG-1500 Programming Socket Adapter 
Selection Guide for the appropriate socket adapter. 

(3) The emulation probe is shipped with the add-on board. 

(4) Preliminary information. Contact your NEC Sales Representative 
for further information and availability 

(5) The RA75X relocatable assembler package is provided for the 
following operating systems: 

RA75X-D52 (IVIOS-DOS®) 
RA75X-WT1 (VAX/VIVIS™) 

(6) The ST75X structures assembler preprocessor Is provided with 
RA75X 



(7) Packages: 



Package 


Description 




^o-pin piaSlIu Ulr 


CT 


28-pin plastic shrink DIP 


CU 


42-pin plastic shrink DIP 


CW 


64-pin plastic shrink DIP 


DU 


42-pin ceramic shrink DIP with window 


DW 


64-pin ceramic shrink DIP with window 


E 


64-pin ceramic piggy-back shrink DIP 


EA 


64-pln ceramic piggy-back minlflat 


G 


64-pin plastic minlflat 


GB 


44-pin plastic minlflat 


GC 


64 or 80 -pin plastic minlflat 


GF 


64 or 80 -pin plastic minlflat 


K 


80-pin plastic minlflat 



MS-DOS is registered trademark of Microsoft Corporation. 
VAX and VMS are trademarks of Digital Equipment Corporation. 
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j[iPD78XX Series Development Tools Selection Guide** 


Part Number 
(Note 1) 


Emulator* 


Emulation 
Probe* 


EPR ONI/OTP 
Device 


PG-1500 
Adapter 
(Note 2) 


Relocatable 
Assembler 
(Note 10) 


C Compiler 
(Note 10) 


jttPD7810HCW 


IE-7811H-M 


EV-9001-64 
(Note 3) 






RA87 


CC87 


l*PD7810HG-36 


IE-7811H-M 


(Note 4) 


- 


- 


RA87 


CC87 


jttPD7811HCW 


IE-7811H-M 


EV-9001-64 
(Note 3) 






RA87 


CC87 


jttPD7811HG-36 


IE-7811H-M 


(Note 4) 


|iiPD78PG11HE(Note6) 




RA87 


CC87 


|ttPD78PGl1HE 


IE-7811H-M 


(Note 4) 




- 


RA87 


CC87 


jttPD78G10CW 


IE-78C11-M 


EV-9001 -64 
(Note 3) 






RA87 


CC87 


jttPD78C10G-36 


IE-78C11-M 


(Note 4) 






RA87 


CC87 


jttPD78C10G-1B 


IE-78C11-M 


(Note 5) 


_ 


- 


RA87 


CC87 


|ttPD78C10GF-3BE 


IE-78C11-M 


(Note 5) 




- 


RA87 


CC87 


jttPD78C10L 


IE-78C11-M 


(Note 5) 






RA87 


CC87 


j*PD78C10ACW 


IE-78C11-M 
(Note 8) 


EV-9001-64 
(Note 3) 






RA87 


CC87 


jaPD78C10AGQ-36 


IE-78C11-M 
(Note 8) 


(Note 4) 




- 


RA87 


CC87 


|xPD78C10AGF-3BE 


IE-78C11-M 
(Note 8) 


(Notes) 


_ 


- 


RA87 


CC87 


jttPD78C10AL 


IE-78C11-M 
(Note 8) 


(Notes) 


- 




RA87 


CC87 


l*PD78C11GW 


IE-78C11-M 


EV-9001-64 
(Note 3) 


I*PD78CP14CW/DW 


PA-78CP14CW 


RA87 


0087 


jttPD78G11G-36 


IE-78C11-M 


(Note 4) 


l*PD78CP14GQ-36/R 
^PD78CG14E 


PA-78CP14GQ 


RA87 


0087 


jttPD78C11G-1B 


IE-78C11-M 


(Note S) 


MPD78CP14GF-3BE 


PA-78CP14GF 


RA87 


0087 


mPD78C1lGF-3BE 


IE-78C11-M 


(Notes) 


|ttPD78CP14GF-3BE 


PA-78CP14GF 


RA87 


0087 


|tiPD78C11L 


IE-78C11-M 


(Notes) 


l*PD78CP14L 


PA-78CP14L 


RA87 


0087 


;iPD78C11ACW 


IE-78C11-M 
(Note 8) 


EV-9001-64 
(Note 3) 


MPD78CP14CW/DW 
(Note 7) 


PA-78CP14CW 


RA87 


0087 


j*PD78C11AGQ-36 


IE-78C11-M 
(Note 8) 


(Note 4) 


MPD78CP14GQ-36/R 
(Note 7) 


PA-78CP14GQ 


RA87 


0087 


jaPD78C11AGF-3BE 


IE-78G11-M 
(Note 8) 


(Note 5) 


HPD78GP14GF-3BE 
(Note 7) 


PA-78CP14GF 


RA87 


0087 


j*PD78G11AL 


IE-78C11-M 
(Note 8) 


(Note S) 


|ttPD78CP14L 
(Note7) 


PA-78CP14L 


RA87 


0087 


l*PD78C12ACW 


IE-78C11-M 
(Note 8) 


EV-9001-64 
(Note 3) 


l*PD78CP14CW/DW 
(Note 7) 


PA-78CP14CW 


RA87 


0087 


j»PD78C12AGQ-36 


IE-78C11-M 
(Note 8) 


(Note 4) 


l*PD78CP14GQ-36/R 
(Note 7) 


PA.78CP14GQ 


RA87 


0087 



* Required Tools 

** For all jiiPD780lX devices, you may use the DDK-78O10 for 
evaluation purposes. 
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Part Numbar 

(Note 1) 


Emulator'* 


Probe* 


EPROM/OTP 
Device 


Ill 


Relocatable 
(Note 10) 


C f^oinriiier 

(Note 10) 


MPD78C12AGF-3BE 


IE-78C11-M 
(Note 8) 


(Note 5) 


|ttPD78CP14GF-3BE 
(Note 7) 


PA-78CP14GF 


RA87 


CC87 


jttPD78Cl2AL 


IE-78C11-M 
(Note 8) 


(Notes) 


jaPD78CP14L 
(Note 7) 


PA-78CP14L 


RA87 


GC87 


jttPD78C14CW 


IE-78C11-M 


EV-9001-64 
(Note 3) 


iaPD78CP14CW/DW 


PA-78CP14CW 


RA87 


CG87 


j*PD78Cl4G-36 


IE-78C11-M 


(Note 4) 


ittPD78CP14GQ-36/R 
|[iPD78CG14E 


PA-78CP14GQ 


RA87 


GG87 


J*PD78C14G-1B 


IE-78C11-M 


(Note 5) 


j*PD78CP14GF 


PA-78CP14Qr 


RA87 


GC87 


jttPD78Cl4GF-3BE 


IE-78C11-M 


(Note 5) 


|nPD78CP14GF 


DA TOf^O'tAf^t: 

rA-7oUr i4or 


RA87 


CG87 


jttPD78C14L 


IE-78C11-M 


(Note 5) 


i[iPD78CP14L 


DA TOf^O'iAl 

rA-7ouri4L 


RA87 


CG87 


ittPD78Cl4AG-AB8 


IE-78C11-M 
(Note 8) 


(Note 5) 


- 




RA87 


CG87 


j*PD78CG14E 
(Notes) 


IE-78C11-M 


(Note 4) 


- 




RA87 


GG87 


jttPD78CP14CW 


IE-78C11-M 


EV-9001-64 
(Note 3) 




PA-78CP14GW 


RA87 


CG87 


jaPD78CP14DW 


IE-78C11-M 


EV-9001-64 
(Note 3) 




PA-78CP14CW 


RA87 


GG87 


MPD78CP14GQ-36 


IE-78C11-M 


(Note 4) 




PA-78CP14GQ 


RA87 


CC87 


j»PD78CP14GF-3BE 


IE-78G11-M 


(Note 5) 




PA-78CP14GF 


RA87 


CC87 


j*PD78CP14L 


IE-78C11-M 


(Note 5) 




PA-78CP14L 


RA87 


CC87 


j*PD78GP14R 


IE-78C11-M 


(Note 4) 




PA-78GP14GQ 


RA87 


CC87 



* Required Tools 



Notes: 



(5) No emulation probe available. 

(6) The jaPD78PG11HE is a piggy-back EPROM device In a ceramic 
QUIP package. It accepts 2764 EPROMs. 

(7) The jttPD78CP14 EPROM/OTP devices do not have pull-up resis- 
tors on ports A, B, and C. 

(8) The IE-78Glt-M can be used by replacing the jttPD78G10G-36 
with a JUPD78G10AGQ-36. However, it will not be able to emulate 
the optional pull-up resistors on ports A, B, and C. 

(9) The jttPD78CG14E Is a piggy-back EPROM device in a ceramic 
QUIP package. It accepts 27G256 and 27G256A EPROMS. 

(10) The following relocatable assemblers and G Gompildrs are 
available: 

RA87-D52 (MS-DOS®) Relocatable assemblers 

RA87-VVT1 (VAX/VMS ^'^) for 78XX series 

GGMSD-I5DD-87 (MS-DOS) G Gompilers for 

GGVMS-OT16-87 (VAX/VMS) 78XX Series 

GGUNX-0T16-87 (VAX/UNIX^**) 

MS-DOS Is a trademark Of Microsoft Gorporation. 4.2 BSD or Ultrix^'*) ' ■ ; 

VAX, VMS and Ultrix are trademarks of Digital Equipment 

Gorporation. 
UNIX Is a trademark of AraT Bell Laboratories. 



Package 


Description 


GW 


64-pin plastic shrink DIP 


DW 


64-pln ceramic shrink DIP with window 


E 


64-pin ceramic piggyback QUIP 


GF-1B 


64-pln plastic minif lat (Resin Thickness: 2.05mm) 


G-36 


64-pin plastic QUIP 


G-AB8 


64-pin plastic minif lat (Interpin Pitch: 0.8mm) 


GF-3BE 


64-pin plastic minif lat (Resin Thickness: 2.7mm) 


GQ-36 


64-pln plastic QUIP 


L 


68-pin PLGG 


R 


64-pin ceramic QUIP with window 



(2) By using the specified adapter, the PG-1500 EPROM programmer 
can be used to program the EPROM/OTP device. 

(3) 64-pln shrink DIP adapter which plugs into the EP-7811HGQ 
emulation probe supplied with each IE. 

(4) The emulation probe for the 64-pin QUIP package (EP-7811 HGQ) 
is supplied with the IE. 
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Part Number 
(Note 1) 


Emulator"* 


Emulation 
Probe* 


EPROM/OTP 
Device 


PG-1500 
Adapter 
(Note 2) 


Relocatable 
Assembler 
(Notes 11) 


Structured 
Assembler 
(Note 12) 


C Compiler 
(Note 13) 


jttPD78213CW 


IE-78210-R 


EP-78210CW 


- 


- 


RA78K2 


ST78K2 


CC782XX 


iaPD78213GC-3B8 


IE-78210-R 


EP-78210GC 


- 


- 


RA78K2 


ST78K2 


CC782XX 


|iiPD78213GJ-5BJ 


IE-78210-R 


EP-78210GJ 
(Not© 3) 


- 


- 


RA78K2 


ST78K2 


CC782XX 


jttPD78213GQ-36 


IE-78210-R 


EP-78210GQ 






RA78K2 


ST78K2 


CC782XX 


jttPD78213L 


IE-78210-R 


EP-78210L 






RA78K2 


ST78K2 


CC782XX 


jttPD78214CW 


IE-78210-R 


EP-78210CW 


ittPD78P214CW/DW 


R\-78P214CW 


RA78K2 


ST78K2 


CC782XX 


lttPD78214GC-3B8 


IE-78210-R 


EP-78210GC 


|ttPD78P214GC 


B\-78P214GC 


RA78K2 


ST78K2 


GC782XX 


jttPD78214GJ-5BJ 


IE-78210-R 


EP-78210GJ 
(Note 3) 


mPD78P214GJ 


R\-78P214GJ 


RA78K2 


ST78K2 


CC782XX 


j*PD78214GQ-36 


IE-78210-R 


EP-78210GQ 


|ttPD78P214GQ 


R\-78P214GQ 


RA78K2 


ST78K2 


GC782XX 


jttPD78214L 


IE-78210-R 


EP-78210L 


jttPD78P214L 


R«V-78P214L 


RA78K2 


ST78K2 


CC782XX 


jnPD78P214GW 


IE-78210-R 


EP-78210CW 




F^-78P214CW 


RA78K2 


ST78K2 


CC782XX 


l*PD78P214DW 


IE-78210-R 


EP-78210CW 




FA-78P214CW 


RA78K2 


ST78K2 


CC782XX 


|ttPD78P214GC-3B8 


IE-78210-R 


EP-78210GC 


- 


F^-78P214GC 


RA78K2 


ST78K2 


CC782XX 


|ttPD78P214GJ-5BJ 


IE-78210-R 


EP-78210GJ 
(Note 3) 




R\-78P214GJ 


RA78K2 


ST78K2 


GC782XX 


|ttPD78P214GQ-36 


IE-78210-R 


EP-78210GQ 


- 


R«(-78P214GQ 


RA78K2 


ST78K2 


CC782XX 


jttPD78P214L 


IE-78210-R 


EP-78210L 




R\-78P214L 


RA78K2 


ST78K2 


CC782XX 


|uPD78220GJ-5BG 


IE-78220-R 


EP-78220GJ 
(Note 4) 


_ 




RA78K2 


ST78K2 


CC782XX 


jttPD78220L 


IE-78220-R 


EP.78220L 


- 




RA78K2 


ST78K2 


GC782XX 


jttPD78224GJ-5BG 


IE-78220-R 


EP-78220GJ 
(Note 4) 


|ttPD78P224GJ 


R\-78P224GJ 


RA78K2 


ST78K2 


CC782XX 


|aPD78224L 


IE-78220-R 


EP-78220L 


j[iPD78P224L 


FA-78P224L 


RA78K2 


ST78K2 


CC782XX 


jttPD78P224GJ-5BG 


IE-78220-R 


EP-78220GJ 
(Note 4) 




R\-78P224GJ 


RA78K2 


ST78K2 


CC782XX 


jaPD78P224L 


IE-78220-R 


EP-78220L 




FA-78P224L 


RA78K2 


ST78K2 


CC782XX 


jaPD78310ACW 


IE-78310A-R 


(Note 5) 


jttPD78P312ACW/DW 


R^-78P312CW 


RA78K3 


ST78K3 


CC78K3 
(Note 7) 


ittPD78310AGF-3BE 


IE-78310A-R 


EP-78310GF 


jttPD78P312AGF-3BE 


R^-78P312GF 


RA78K3 


ST78K3 


CC78K3 
(Note 7) 


j*PD78310AGQ 


IE-78310A-R 


(Note 6) 


|ttPD78P312AGQ/RQ 


FA-78P312GQ 


RA78K3 


ST78K3 


CC78K3 
(Note 7) 


j*PD78310AL 


IE-78310A-R 


EP-78310L 


jaPD78P312AL 


FA-78P312L 


RA78K3 


ST78K3 


CC78K3 
(Note 7) 


l*PD78312ACW 


IE-78310A-R 


(Note 5) 


jnPD78P312ACW/DW 


R\-78P312CW 


RA78K3 


ST78K3 


CC78K3 
(Note 7) 


jttPD78312AGF-3BE 


IE-78310A-R 


EP-78310GF 


iaPD78P312AGF-3BE 


R^-78P312GF 


RA78K3 


ST78K3 


CC78K3 
(Note 7) 



* Required Tools 
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Part Number 
(Note 1) 


Emulator* 


Emulation 
Probe* 


EBB ^Hfl /i^1*B 

EPROM/OTP 
Device 


PG-1500 
Adapter 
(Note2) 


Relocatable 
Assembler 
(Note 11) 


Structured 
Assembler 
(Note12) 


C Compiler 
(Note 13) 


jkPD78312AGQ 


IE-78310A-R 


(Note 6) 


HiPD78P31 2AQQ/RQ 


PA-78P312GQ 


RA78K3 


ST78K3 


^^*vA l/n 

CG78K3 
(Note 7) 


jftPD78312AL 


IE-78310A-R 


EPt78310L 


|ttPD78P312AL 


PA-78P312L 


RA78K3 


ST78K3 


CG78K3 
(Note 7) 


j*PD78r312ACW 


IE-783 10A-R 


(Note 5) 




PA-78P312CW 


RA78K3 


ST78K3 


CC78K3 
(Note 7) 


l*PD78P312ADW 


IE-78310A-R 


(Note 5) 




R^-78P312GW 


RA78K3 


ST78K3 


CC78K3 
(Note 7) 


j»PD78P312AGF-3BE 


IE-783 10A-R 


EP-78310GF 




R^-78P312GF 


RA78K3 


ST78K3 


CC78K3 
(Note?) 


|ttPD78P312AGQ 


IE-783 10A-R 


(Note 6) 




PA-78P312QQ 


RA78K3 


ST78K3 


CC78I^ 
(Note 7) 


jttPD78P312AL 


IE-783 10A-R 


EP-78310L 




PA-78P312L 


RA78K3 


ST78K3 


CC78K3 
(Note 7) 


|*PD78P312AR 


IE-783 10A-R 


(Note 6) 




PA-78P312QQ 


RA78K3 


ST78FQ 


CC78K3 
(Note 7) 


jttPD78320GJ-5BJ 


IE-78320-R 


(Note 8) 


(Note 8) 


(Note 8) 


RA78K3 


ST78K3 


CC78K3 
(Note 7) 


^iPD78320L 


IE-78320-R 


(Note 8) 


(Note 8) 


(Note 8) 


RA78K3 


ST78K3 


CC78K3 
(Note 7) 


|*PD78322GJ-5BJ 


IE-78320-R 


(Note 8) 


(Note 8) 


(Note 8) 


RA78K3 


ST78K3 


CC78K3 
(Note 7) 


j*PD78322L 


IE-78320-R 


(Note 8) 


(Note 8) 


(Note 8) 


RA78K3 


ST78K3 


CC78K3 
(Note 7) 


fiPD71P30lGF-3BE 








PA-71P301GF 








;iPD71P30lGa36 








R^-71P301GQ 








j*PD71P301KA 
(Noted) 








PA-71P301KA 








fiPD71P301KB 
(Note 10) 








PA-71P301KB 








jaPD71P301L 








FA-71P301L 
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Notes: 

( 1) Packages; 
Package 
CW 
DW 

GC-3B8 
GF-3BE 
GJ-5BG 
GJ-5BJ 
GQ 

GQ-se 

KA 
KB 
L 



|[iPD78XXX Series Evaluation Boards Selection 
Guide 



Description 

64-pin plastic shrinl< DIP 
64-pin ceramic shrink DIP with window 
64-pin ceramic plastic miniflat (14mm x 14mm 
64-pin plastic miniflat (Resin Thickness: 2.7mm) 
94-pln plastic miniflat 
74-pin plastic miniflat (20mm x 20mm) 
64-pin plastic QUIP 
64-pin plastic QUIP 
44-pin ceramic LCC with window 
64-pin ceramic LCC with window 
44-pin PLCC (|*PD71P301L) 
68-pln PLCC (|nPD78213/214/P214L, 
jttPD78320/322L) 

84 pin PLCC (|ttPD78220L, |ttPD78224L) 
RQ 64-pin ceramic QUIP with window 

( 2) By using the specified adapter, the PG-1500 EPROI\^ program- 
mer can be used to program the EPROM/OTP device. 

( 3) The EP-78210GJ is a 68-pin PLCC to 74-pin miniflat package 
adapter for use with the EP-78210L emulation probe. 

( 4) The EP-78220GJ is a 84-pin PLCC to 94-pin miniflat package 
adapter for use with the EP-78220L emulation probe. 

( 5) The emulation probe for the 64-pin shrink DIP package (EP- 
78310CW) is supplied with the IE. 

( 6) The emulation probe for the 64-pin QUIP package (EP-78310GQ) 
is supplied with the IE. 

( 7) There are two C Compilers for the jnPD783XX devices: CC78K3 
from NEC Electronics and one from Lattice Corporation. A 
source code debugger is included with CC78K3 package. 

( 8) Please contact your NEC Sales Representative for further infor- 
mation. 

( 9) Sockets for the j[4PD71P301KA (44-pin LCC package) are 
available from Yamaichi (IC61 -0444-030). 

(10) Sockets for the jttPD71P301KB (64-pin LCC package) are 
available from NEC Electronics (EV-9200G-64) in sets of five. 



Part Number 


Design/Development Boards Evaluation Boards 


iaPD7821X 


EB-78210-PC 


DDK-78K2 


jttPD7822X 


EB-78220-PC 


DDK-78K2 


jttPD7831X 




DDK-78310A 


jttPD7832X 


EB-78320-PC 




Notes: 






(1) The following relocatable packag( 


3S are available: 


RA78K2-D52 
RA78K2-VVT1 


(MS-DOS®) 
(VAX/ VMS"*) 


Relocatable assembler 
for 78XX series 


RA78K3-D52 
RA78K3-VVT1 


(MS-DOS) 
(VAX/ VMS) 


Relocatable assembler 
for 78XX series 



(2) The ST78K2 structured assembler processor is provided with 
RA78K2. The ST78K3 structured assembler preprocessor is pro- 
vided with RA78K3 and CC78K3. 

(3) The following C Compiler packages are available: 



CCMSD-I5DD-782XX 

CC78K3-D52 

CC78K3-VVT1 



(MS-DOS) 
(MS-DOS) 
(VAX/ VMS) 



For jnPD783XX series 



MOS-DOS is a trademark of Microsoft Corporation. 

VAX and VMS are trademarks of Digital Equipment Corporation. 
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DSP and Speech Development Tools Selection Guide 


Part Number 
(Note 7) 


Emulator 


Evaluation 
Board 


Assembler 
(Note 1) 


Simulator 
(Note 2) 


EPROn/l/OTP 
Device 


PG-1500 
Adapter 
(Note 3) 


l»PD7720AC 


EVAK1T-7720B 


- 


ASM77 


SIM77 


jitPD77P20D 


(Note 5) 


HIPD7720AL 


EVAKIT-7720B (Note 4) 


— 


ASM77 


SIM77 


- 


— 


j*PD77P20D 


EVAKIT.7720B 


— 


ASM77 


SIM77 


- 


— 


j*PD77C20AC 


EVAKIT.7720B 


— 


ASM77 


SIM77 


|nPD77P20D 


(Note 5) 


j*PD77C20AL 


EVAKIT-7720B (Note 4) 


— 


ASM77 


SIM77 


— 


— 


j»PD77C20ALK 


EVAKIT-7720B (Note 4) 


— 


ASM77 


SIM77 


- 


— 


j*PD77220L 


EVAKIT-77220 


— 


RA77230 


SM77230 


- 


— 


j*PD77220R 


EVAKIT-77220 


- 


RA77230 


SM772230 


jttPD77P220R 


PA-77P230R 


j*PD77P220R 


EVAKIT-77220 




RA77230 


SM77230 




PA-77P230R 


j*PD77230AR 


EVAKIT-77230 


DDK-77230 


RA77230 


SM77230 


jLiPD77P230R 


PA-77P230R 


^iPD77P230R 


EVAKIT.77230 


DDK-77230 


RA77230 


SM77230 




PA-77P230R 


j»PD77C25C 


EVAKIT-77C25 




RA77C25 


— 


|ttPD77P25G/D 


PA-77P25C 


l*PD77C25L 


EVAKIT-77C25 (Note 4) 




RA77C25 




jttPD77P25L 




|uPD77P25C 


EVAKIT-77C25 




RA77C25 






PA-77P25C 


j»PD77P25D 


EVAKIT-77C25 


— 


RA77C25 


— 


— 


PA-77P25C 


|aPD77P25L 


EVAKIT.77C25 (Note 4) 




RA77C25 


- 






j*PD7755C 


NV-300 System 


EB-7759 






u,PD77P56C 


PA-77P5fiC 


jtiPD7755G 


NV-300 System 


EB-7759 
(Note 6) 






jttPD77P56G 


PA-77P56C 


lttPD7756C 


NV-300 System 


EB-7759 


— 


— 


iaPD77P56G 


PA-77P56C 


l»PD7756G 


NV-300 System 


EB-7759 
(Note 6) 


- 


- 


iuPD77P56G 


PA-77P56C 


jttPD77P56G 


NV-300 System 


EB-7759 








PA-77P56C 


^iPD77P56G 


NV-300 System 


EB-7759 
(Note 6) 








PA-77P56C 


|ttPD7757C 


NV-300 System 


EB-7759 










j*PD7757G 


NV-300 System 


EB-7759 
(Note 6) 










j*PD7759C 


NV-300 System 


EB-7759 










jtiPD7759GC 


NV-300 System 


EB-7759 










jttPD77810L 


IE-77810 




RA77810 








jttPD77810R 


IE-77810 




RA77810 
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Notes: 

(1) The following assemblers are available: 
Part Number Description 

ASM77-D52 Assembler for 7720 (MS-DOS®) 

RA77C25-D52 Assembler for 77C25 (MS-DOS) 
RA77C25-WT1 Assembler for 77C25 (VAX/VMS ™) 
RA77230-D52 Assembler for 77230 (MS-DOS) 

RA77230-WT1 Assembler for 77230 (VAX/VMS) 
RA77230-VXT1 Assembler for 77230 (VAX/UNIX ™) 
4.2 BSD or Ultrix^**) 

(2) The following simulators are available: 

Part Number Description 

S IM77-D52 Simulator for 7720 (MS-DOS) 

SM77230-WT1 Simulator for 77230 (VAX/UNIX) 
SM77230-VXT1 Simulator for 77230 (VAX/UNIX 
4.2 BSD or Ultrix) 

(3) By using the specified adapter, the NEC PG-1500 EPROM pro- 
grammer can be used to program the EPROM/OTP device. 

(4) Please check with your NEC Sales Representative on the avail- 
ability of a PLCC emulation probe. 

(5) The jttPD77P20D can be programmed using the EVAKIT-7720B. 

(6) The EB-7759 comes with an emulation probe for only the 18-pin 
DIP. 

(7) Packages: 

Pacicage Description 

C 18, 28, or 40-pin plastic DIP 

D 28-pin ceramic DIP 

G 24-pin plastic SOP 

GC 52-pin plastic miniflat 

L 44-or 68-pin PLCC 

LK 28-pin PLCC 

R 68-pin ceramic PGA 



MS-DOS is a registered trademark of Microsoft Corporation. 
VAX, VMS, and Ultrix are trademarks of Digital Equipment 
Corporation. 

UNIX is a trademark of AT&T Bell Laboratories. 
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Socket Adapters and Adapter Modules 



Target Chip 


Socket Adapter 
(Note 1) 


Adapter Module 
(Note 2) 


Target Chip 


Soclcet Adapter 
(Note 1) 


Adapter IModuie 
(Note 2) 


Standard 2IXXX EPROM Devices 




/tPDJSXXK Series Devices (con^ 




|ttPD27256 (12.5 V) 




027A Board 


|nPD75P316GF 


PA-75P308GF 


04A Board 


)iiPD27256 (21 V) 




027A Board 


jttPD75P328GG 


PA-75P328GC 


04A Board 


jtiPD27C256 




027A Board 


jttPD75P402C 


(Note 3) 


027A Board 


jttPD27C256A 




027A Board 


jiiPD75P402CT 


PA-75P402GT 


027A Board 


;tPD27C512 




027A Board 


l*PD75P402GB 


PA-75P402GB 


027A Board 


iaPD27C1000 




027A Board 


|ttPD75P516GF 


PA-75P516GF 


04A Board 


jttPD27C1001 




027A Board 


jttPD75P516K 


PA-75P516K 


04A Board 


|ttPD27C1024 




027A Board 


flPDTSXX Series Devices 




fiPDTSXX Series Devices 




j*PD78CP14CW 


PA-78CP14CW 


027A Board 


jttPD75P54CS 


PA-75P54CS 


04A Board 


|ttPD78CP14DW 


PA-78CP14CW 


027A Board 


|iiPD75P54G 


PA-75P54CS 


04A Board 


jttPD78CP14GQ 


PA-78CP14GQ 


027A Board 


|ttPD75P56CS 


PA-75P56CS 


04A Board 


jttPD78CP14GF 


PA-78CP14GF 


027A Board 


jttPD75P56G 


PA-75P56CS 


04A Board 


ittPD78CP14L 


PA-78CP14L 


027A Board 


jttPD75P64CS 


PA-75P54CS 


04A Board 


jttPD78CP14R 


PA-78CP14GQ 


027A Board 


jttPD75P64G 


PA-75P54CS 


04A Board 


fiPDTWCXX Series Devices 




jttPD75P66CS 


PA-75P56CS 


04A Board 


j*PD71P30lGF 


PA-71P301GF 


027A Board 


l*PD75P66G 


PA-75P56CS 


04A Board 


jttPD71P301GQ 


PA-71P301GQ 


027A Board 


fiPDJSXXX Series Devices 




jttPD71P301KA 


PA-71P301KA 


027A Board 


jttPD75P008CU 


PA-75P008CU 


04A Board 


|ttPD71P301KB 


B\-71P301KB 


027A Board 


|ttPD75P008DU 


PA-75P008CU 


04A Board 


|ttPD71P301L 


PA-71P301L 


027A Board 


|ttPD75P008GB 


PA-75P008CU 


04A Board 


jttPD78P214CW 


FV^~78P214CW 


027A Board 


l»PD75P028CW 


PA-75P028CW 


04A Board 


j*PD78P214GC 


PA-78P214GC 


027A Board 


jttPD75P028GC 


PA-75P028GC 


04A Board 


jaPD78P214GJ 


PA-78P214GJ 


027A Board 


lttPD75P108BCW 


PA-75P108CW 


04A Board 


jtiPD78P214GQ 


PA-78P214GQ 


027A Board 


j*PD75P108CW 


PA-75P108GW 


04A Board 


)aPD78P214L 


i^-78P214L 


027A Board 


|ttPD75P108DW 


PA-75P108CW 


04A Board 


jttPD78P224GJ 


PA-78P224GJ 


027A Board 


|ttPD75P108BGF 


PA-75P116GF 


04A Board 


jttPD78P224L 


PA-78P224L 


027A Board 


jttPD75P108G 


PA-75P116GF 


04A Board 


jttPD78P312ACW 


PA-78P312GW 


027A Board 


l*PD75P116CW 


PA-75P108CW 


04A Board 


jttPD78P312ADW 


PA-78P312CW 


027A Board 


jttPD75P116GF 


PA-75P116GF 


04A Board 


jttPD78P312AGF 


PA-78P312GF 


027A Board 


jttPD75P216ACW 


PA-75P216ACW 


04A Board 


iaPD78P312AGQ 


PA-78P312GQ 


027A Board 


jttPD75P308GF 


PA-75P308GF 


04A Board 


j»PD78P312AL 


PA-78P312L 


027A Board 


lttPD75P308K 


PA-75P308K 


04A Board 


j*PD78P312AR 


PA-78P312GQ 


027A Board 
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Socket Adapters and Adapter Modules (cont) 



Target Chip 


Socket Adapter 
(Note 1) 


Adapter Module 
(Note 2) 


V-Series Devices 


jttPD70P322K 


R^-70P322L 


027A Board 


Digital Signal Processors 


jttPD77P56C 


R\-77P56C 


04A Board 


jttPD77P56G 


R\-77P56C 


04A Board 


jttPD77P25C 


FA~77P25C 


027A Board 


|iPD77P25D 


R(V-77P25C 


027A Board 


ittPD77P230R 


R\-77P230R 


027ABoard 



Notes: 

(1) All socket adapters must be purchased separately. 

(2) The 27A and 04A Adapter Modules are shipped with the PQ-1500. 

(3) The juPD75P402C does not require a programming socket 
adapter. It can be plugged directly into the 027A Board. 
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Communications Controilers 

MPD7201A 2-3 

Multiprotocol Serial Communications Controller 

MPD72001 2-21 

CMOS, Advanced Multiprotocol Serial 
Communications Controller 
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//PD7201A 
Multiprotocol, Serial 
Communications Controller 



Description 

TheA/PD7201 A is a dual-channel, multiprotocol, serial 
communications controller (MPSCC) that satisfies a 
wide variety of serial data communication requirements 
in computer systems. Its basic function is as a serial-to- 
parallel, parallel-to-serial converter/controller, and it is 
software configurable for serial data communications 
applications. 

The /LiPD7201 A can handle asynchronous and synchro- 
nous byte-oriented protocols, such as IBM Bisync, 
and synchronous bit-oriented protocols such as 
HDLC and IBM SDLC. It also supports virtually any 
other serial protocol for applications other than data 
communications. 

The /4PD7201 A can generate and check cyclic redun- 
dancy check (CRC) codes in any synchronous mode 
and can be programmed to check data integrity in 
various modes. The device also has facilities for 
modem controls in both channels. In applications 
where modem controls are not needed, they can be 
used for general-purpose I/O. 

Features 

□ Two independent full-duplex serial channels 

□ Four independent DMA channels for send/receive 
data for both serial inputs/outputs 

□ Programmable interrupt vectors and interrupt 
priorities 

□ Modem control signals 

□ Variable software programmable data rate, up to 
1 Mb/s at 5-MHz system clock 

□ Double-buffered transmitter data and quadruple- 
buffered receive data 

□ Selectable CRC algorithm 

□ Selection of interrupt, DMA, or polling mode of 
operation 

□ Asynchronous operation 

— Character length: 5, 6, 7, or 8 bits 

— Data clock frequency: 1x, 16x, 32x, or 64x 
data rate 

— Parity: odd, even, or disable 

~ Break generation and detection 

— Interrupt on parity, overrun, or framing errors 



□ Monosync, bisync, and external sync operations 

— Software selectable sync characters 

— Automatic sync insertion 

— CRC generation and checking 

□ HDLC and SDLC operations 

— Abort sequence generation and detection 

— Automatic zero insertion and detection 

— Address field recognition 

— CRC generation and checking 

— l-field residue handling 

□ N-channel MOS technology 

□ Single -i-5V power supply; interface to most 
microprocessors including 8080, 8085, 8086, and 
others. 

□ Single-phase TTL system clock: up to 5 MHz 

□ Plastic and ceramic dual-in-line packages 

Ordering information 

Part Number Package Type 

//PD7201AC 40-pin plastic DIP 

/iPD7201AD 40-pin ceramic DIP 



Pin Configuration 




NECEL-000181 
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Pin Identification 



Ho. 


Symbol 


Function 


1 


CLK 


System clock input 


2 


RESET 


Reset input 


3 


DCDA 


Data carrier detect input A 


4 


RxCB 


Receiver clock input B 


5 


DCDB 


Data carrier detect input B 


6 


CTSB 


Clear to send input B 


7 


TxCB 


Transmitter clock input B 


8 


TxDB 


Transmit data output B 


9 


RxDB 


Receive data input B 


10 


RTSB/SYNCB 


Request to send output B/Synchro- 
nization input/output B 


1 1 


VA/A ITD /nDHTx/A 

WAI 1 D/UKUIXA 


Wait output B/Transmit DIVIA request 
output A 


12-19 


D7-D0 


Data Bus 


20 


Vss 


Ground 


21 


WR 


Write strobe input 


22 


RD 


Read strobe input 


23 


cs 


Chip select input 


24 


C/D 


Control/data input 


25 


B/A 


Cliannel select input 


26 


DTRB/HAI 


Data tprminal niitniit R/Hnlrl 

acknowledge input 


27 


[NTAK 


Intprriint flrknnwiprlnp inniit 


28 


INT 


Intprrimt rpniip^t niitniit 


29 


PRl/DRORyR 


Intprrimt nrinritv inniit/Rprpivp DMA 

request output B 


30 


PRO/DRQTxB 


Interrupt priority output/Transmit 
DIVIA request output B 


31 


DTRA/HAO 


Data terminal output A/Hold 
acknowledge output 


32 


WAITA/DRQRxA 


Wait output A/Receive DMA request 
output A 


33 


SYNCA 


Synchronization input/output A 


34 


RxDA 


Receive data input A 


35 


RxCA 


Receiver clock input A 


36 


TxCA 


Transmitter clock input A 


37 


TxDA 


Transmit data output A 


38 


RTSA 


Request to send output A 


39 


CTSA 


Clear to send input A 


40 


Vcc 


+ 5V 



Pin Functions 

CLK [System Clock] 

A TTL-level clock signal is applied to the CLK input. 
The system clock frequency must be at least 4.5 times 
the data rate. 

RESET [Reset] 

A low on the RESET input (one complete GLK cycle 
minimum) initializes the MPSGC to the following con- 
ditions: receivers and transmitters disabled, TxDA and 
TxDB s et to markin g (high ), and modem controls 
(DTRA, DTRB, RTSA, RTSB) set high. 

In addition, all interrupts are disabled and all inter- 
rupt and DMA requests are cleared. All control 
registers must be rewritten after a reset before 
transmission or reception can be restarted. 



DCDA, DCDB [Data Carrier Detect] 

The DCDA and DCDB inputs go low to indicate the 
presence of valid serial data at RxD. The MPSCC may 
be pr ogram med so that the receiver is enabled only 
when DCD is low, and so that any change in state that 
lasts longer than the minium specifi ed pu lse width 
causes an interrupt and latches the DCD status bit 
to the new state. 



RxCA, RxCB [Receiver Clock] 

The RxCA and RxCB inputs control sampling and 
shifting seria! data at RxDA and RxDB. The MPSCC 
can be programmed so that the clock rate is 1, 16, 32, 
or 64 times t he data ra te. RxD is sampled on the ris- 
ing edge of RxC. RxC features a Schmitt-trlgger in- 
put for relaxed rise and fall time requirements. 



TxCA, TxCB [Transmitter Clock] 

The TxCA and TxCB inputs control the rate at which 
data is shifted out at TxDA and TxDB. The MPSCC can 
be programmed so that the clock rate is 1, 16, 32, or 
64 time s the data rate. Data changes on the falling 
edge of TxC. TxC features a Sch mitt-trigger input for 
relaxed rise and fall time requirements. 

TxDA, TxDB [Transmit Data] 

TxDA and TxDB output serial data from the MPSCC. 
(Marking high). 
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RxDA, RxDB [Receive Data] 

RxDA and RxDB input serial data to the l\/IPSCC. 
(Marking liigh.) 

CTSA, CTSB [Clear to Send] 

The CTSA and CTSB inputs go low to indicate that 
the receiving modem or peripheral is ready to receive 
data from the MPSCC. The MPSCC can be program- 
med so that th e tran smitter is enabled only when CTS 
is low. As with DCD, the MPSCC can be programmed 
to ca use an interrupt and latch the new state when 
CTS changes state for longer than the minimum 
specified jDulse width. 



RTSA, RTSB [Request to Send] 

When t he M PSC C is in one of the synchronous 
modes, RTSA and RTSB are general-purpose outputs 
that can be set or reset with com mands to the 
MPSCC. In asynchronbus mode, RTS is active (low) 
as soon as it i s pro grammed on. However, when pro- 
grammed off, RTS remains active until the transmit- 
ter is completely empty. This feature simplifies the 
programming required to perform modem control. 



SYNCA, SYNOB [Synchronization] 

The function of the SYNCA and SYNCB pins depends 
on th e MPSC C operating mode. In asynchronous 
mode, SYNC is used as an input that the processor 
can read. It can be programm ed to ge nerat e an inter- 
rupt in the same manner as DCD or CTS. 

In external sync mode, SYNC is an active-low input 
that notifies the MPSCC that synchronization has 
been achieved (see timing wavefo rms fo r details). 
Once synchronization is achieved, SYNC should be 
held low until synchronization is lost or a new 
message is about to start. 

In intern al sync hronization modes (monosync, bisync, 
HDLC), SYNC is an output which is active (low) 
whenever a SYNC character match is made. There is 
no qualifying logic associated with this function. 
Regardless of character boundaries, SYNC is active 
on any match. 

DRQTxA, DRQTxB, DRQRxA, DRQRxB 
[DIVIA Request] 

When a DRQTxA, DRQTxB, DRQRxA, or DRQRxB out- 
put is active (high), it indicates to a DMA controller 
that a transmitter or receiver is requesting a DMA data 
transfer. 



WAITA, WAITB [Wait] 

The WAITA and WAITB outputs synchronize the pro- 
cessor with the MPSCC when block transfer mode is 
used. It can be programmed to operate with either the 
receiv er or transmitter, but not both simutaneously. 
WAIT is normally inactive (high). If the processor tries, 
for example, to perform an inappropriate data transfer 
such as a write to t he tran smitter when the transmit- 
ter buffer is full, the WAIT output for the channel will 
go active (low) un^il the MPSCC is ready to accept the 
data. The CS, C/D, B/A, RD, and WR inputs must re- 
main stable while wait is active. (Open drain.) 

D0-D7 [Data Bus] 

The three-state data bus lines are connected to the 
system data bus. Data or status from the MPSCC is 
output on these lines when CS and RD are active (low). 
Data and commands are latched into the MPSCC on 
the rising edge of WR when CS is active. 

WR [Write Strobe] 

A low on the WR input (with either CS during the read 
cycle or HAI during a DMA cycle) notifies the MPSCC 
to write data or control information to the device. 

RD [Read Strobe] 

A low on the RD input (with either CS during a read 
cycle or HAI during a DMA cycle) notifies the MPSCC 
to read data or status from the device. 

CS [Chip Select] 

A low on the CS input allows the MPSCC to transfer 
data or commands during a read or write cycle. 

C/D [Control/Data] 

The C/D input, with RD, WR, CS, and B/A selects the 
data register (C/D = 0) or the control and status 
registers (C/D = 1) for access over the data bus. 

B/A [Channel Select] 

B/A input low selects channel A and B/A high selects 
channel B for access during a read or write cycle. 



DTRA, DTRB [Data Terminal] 

The DTRA and DTRB outputs are general-purpose, 
active-low outputs which may be set or reset with 
commands to the MPSCC. 
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INTAK [Interrupt Acknowledge] 

The processor generates two or three INTAK low 
pulses (depending on the processor type) to signal all 
peripheral devices that an interrupt acknowledge se- 
quence is taking place. During the interrupt 
acknowledge sequence, the MPSCC, if so program- 
med, places information on the data bus to vector the 
processor to the appropriate interrupt service 
location. 



INT [interrupt Request] 

The INT output is pulled low when an internal 
rupt request is accepted. (Open drain.) 



inter- 



PRI [Interrupt Priority In] 

The PRI input informs the MPSCC that the highest 
priorit y dev ice is requesting an interrupt. It is used 
with PRO to Implement a priority-resolution 
daisychain when there is more than one interrupting 
device. The state of PRI and the programmed inter- 
rupt mode determine the MPSCC's response to an in- 
terrupt acknowledge sequence. 



PRO [Interrupt Priority Out] 

The PRO output is active (low) when PRI is active (low) 
and the MPSCC is not requesting an Interrupt (INT Is 
not active). 

The active state informs the next lower priority device 
that there are no higher priority interrupt requests 
pending during an acknowledge sequence. 

HAi [Hold Acknowledge In] 

The HAi input goes low to notify the MPSCC that the 
host processor has acknowledged the DMA request 
and has placed itself in the hold state. The MPSCC 
then performs a DMA cycle for the highest priority 
outstanding DMA request, if any. 

HAO [Hold Acknowledge Out] 

The HAO output, with HAI, implements a pri ority- 
resolution daisychain for multiple DMA devices. HAO 
is active (low) when HAI is active and there are no 
DMA requests pending in the MPSCC. 



Block Diagram 



WAIT A - 
WAITB - 

C/D - 
B/A - 



DATA 
BUS 



<3C> 



cs - 

RD - 
WR - 



Bus 

Control 

Logic 



Control and 
Status Registers 



c 



7\ 



Q 



Internal Data and Control Bus 



DMA Control 
Logic 



Interrupt Control 
Logic 



and 
Control 
Logic 



JO 



I Serial Data 
r Clocks 



Modam and Sync 
Controls 



Channel 
B 

Serial 
Data 
and 

Control 



- \ Serial Data 
. f Clocks 



Modem and Sync 
Controls 



4 DMA Request 
Lines 



PRI PRO 
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Absolute Maximum Ratings 

Ta = 25°C 



Power Supply, Vcc 


-0.5 to 


+ 


7.0 V 


Input Voltage, V| 


-0.5 to 


+ 


7.0 V 


Output Voltage, Vq 


-0.5 to 


+ 


7.0 V 


Operating temperature, Tqpt 


0°C to 


+ 


70°C 


Storage Temperature, Tstg 


-65°C to 


+ 


150°C 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational section of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 



Ta = 250C; Vcc 


= GND 


= ov 








Limits 




Parameter 


Symbol 


1 IVlin Max 


Unit Test Conditions 


Input Capacitance 


C|N 


10 


pF fc = 1MHz 


Output Capacitance 


Cqut 


15 


pF Unmeasured pins 


I/O Capacitance 


C|/0 


20 


pF returned to GND. 


DC Characteristics 




Ta = 0°C to + 70°C; Vcc = +5 V ± 


10% 






Limits 




Parameter Symbol 


Min Max 


Unit Test Conditions 


Input low 
voltage 


V|L 


-0.5 +0.8 


V 


Input high 
voltage 


V|H 


+ 2.0 Vcc + 0.5 V 


Output low 
voltage 


Vol 


+ 0.45 


V loL=+2.0mA 


Output high 
Voltage 


VOH 


+ 2.4 


V Iqh = 200fiA 


Input leakage 
current 


l|L 


±10 


|A^ v,N=Vcctoov 


Output leakage 
current 


IQL 


±10 


lx^ VouT=Vcc 

to V 


Vcc supply 
current 


Iqc 


230 


mA 


AC Ciiaracteristics 




Ta = 0°C to + 70°C; Vcc = +5 V ± 


10% 






Limits 




Parameter Symbol 


Min Max 


Unit Test Conditions 


Clock cycle 




200 4000 


ns 


Clock high 
width 


tCH 


70 2000 


ns 


Clock low width 


tCL 


70 2000 


ns 



AC Ciiaracteristics (cent) 



Ta = o°c to + 


70°C; Vcc = 


+ 5 V ± 


10% 










Limits 






Parameter 


Symbol 


Min 


Max 


Unit 


Test Conditions 


Clock rise time 


tr 





30 


ns 




Clock fall time 


tf 





30 


ns 




Address setup 
to RD 









ns 




Address hold 
from RD 


tRA 







ns 




RD pulse width 


tRR 


200 




ns 




Data output 
delay from 
address 


tAD 




200 


ns 




Data output^ 
delay from RD 


IRD 




200 


ns 




Data fjoat delay 
from RD 


tr»r- 




100 


ns 




Address setup 
from WR 


Uw 


U 




ns 




Address hold 
from WR 




u 




ns 




WR pulse width 


tww 


^uu 




ns 




Data setup 
to WR 


tow 


130 




ns 




uaia noiQ 
from WR 









ns 




rnU oeiay 
from PRI 


tplPO 




lUU 


ns 




PRO delay 

Trom IN 1 AK 


tjAPO 




200 


ns 




PRI setup 

to IIMIAK 


tpHA 







ns 




PRI hold 
Trom iiMi Ai\ 


tiAPI 


20 




ns 




INTAK pulse 
width 


tiAIA 


200 




ns 




Data output 
delay from 
INTAK 


t|AD 




200 


ns 




Data float delay 
from INTAK 


tDF 


10 


inn 

lUU 


ns 




Request hold 
from RD/WR 


tCQ 




150 


ns 




HAi setup to 
RD/WR 


tHIC 


300 




ns 




HAi hold from 
RD/WR 


tCHI 







ns 




HAO delay 
from HAI 


tHIHO 




100 


ns 




Data clock 
cycle 


tOCY 


400 




ns 


RxC, TxC 
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AC Characteristics (cent) 

Ta = 0°C to + 70°C; Vcc = +5 V ± 10% 









Limits 






Parameter 


Symbol 


Min 


Hflax 


Unit 


Test Conditions 


Ratci plnr*!/" hinh 
uald ulUOK lliyil 

width 


bCH 


180 






nXO , 1 aL» 


Uald UIUL.K lUW 

width 


toCL 


180 






RxC TxC 


1 A uciici uuidy 


^TCTD 




300 


ns 




from TxC 






1000 


ns 


x16, x32, x64 
Mode 


Rx data setup 
to RxC 


tRDRC 







ns 




Rx Data hold 
from RxC 


tpCRD 


140 




ns 




INT delay Time 
from Tx Data 






4-6 


tCY 




iNT delay Time 
from RxC 


tRCI 




7-11 


kY 




CTS, DCD, 
SYNC high 
pulse width 


■■MH 


200 




ns 




CTS, DCD, 
SYNfc low' 
pulse width 


tMI 

^ML 


200 




ns 




External l¥f 
from CTS, 
DCD, SYNC 


^MF 




500 


ns 




Recovery time 
between 


tRV 


300 




ns 




L.UIIIIUIC5 












WAiT delay 
time from 
Address 


UWT 




120 


ns 




SYNC setup to 
RxC 


tRCS 




100 


ns 





Note: 1. RESET nnust be active for a minimum of one complete CLK 
cycle. 

2. In all modes system clock rate must be 4.5 times data rate. 



Timing Waveforms 

AC Waveform Measurement Points 



2.4V- 
0.45 V '"^^"^ 



X 



Test Points 

CL =150pf 0.8^ 



Read Cycle 




INTAK Cycle 



" tiAIA M 



-) ( ) C 



r 



Jr 



Note: [1] INTA signal acts as RD signal. 

[2] PR! and HAI signals act as OS signal. 



Wriie Cycle 




DMA Cycle 





s 




/ 




HAI [1] 


— tHIC >n 




tCHI 


RD/WR 


\ 

-•tHIHO*^ 





Note: [1] PRI and HAI signals act as CS signal. 
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Timing Waveforms (cont) 

Transmit Data Cycle 




Receive Data Cycle 



RxC 
RxD 
iNT 



/ ll-^tDCL- 

tRDRC- 



r 



N 

tRCRD 



Other Timing 



Clock 




Read/Write Cycle 

(Software Block Transfer Mode) 



C/D, B/A, CS 
RD/WR 



WAITA/B 



Sync Pulse Generation 
(External Sync Mode) 



Last Bit of First Bit of 

Sync Character Data Character 



Programming tlie iViPSCC 

Software operation of the MPSCC includes consistent 
register organization and liigli-level command struc- 
ture to help minimize the number of operations re- 
quired to implement complex protocol designs. The 
MPSCC also has extensive interrupt and status report- 
ing capabilities to simplify programming. 

The l\/IPSCC Registers 

The MPSCC interfaces to the system software with 
a number of control and status registers associated 
with each channel (see tables 1 and 2). Commonly us- 
ed commands and status bits are accessed directly 
through control and status register 0. Other functions 
are accessed indirectly with a register pointer to 
minimize the address space that must be dedicated 
to the MPSCC. 



All control and status registers except CR2 are 
separately maintained for each channel. Control and 
status register 2 are linked with the overall operation 
of the MPSCC and have different meanings when ad- 
dressed through different channels. 

Before intializing the MPSCC, first program control 
register 2A (2B if desired) to establish the MPSCC pro- 
cessor/bus interface mode. Each channel may then 
be programmed for separate use beginning with con- 
trol register 4 to set the protocol mode for that chan- 
nel. The remaining registers may then be program- 
med in any order. 
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Table 1. Control Registers 

Control 

Register Function 

Frequently used commands and register pointer 
control 

1 Interrupt control 

2 Processor/bus interface control 

3 Receiver control 

4 Mode control 

5 Transmitter control 

6 Sync/address character 

7 Sync character 



Control Register 









D4 


D3 


D2 


Di 


Do 


CRC Control 
Command 


Command 


Register Pointer 



Register Pointer [Do-D2] 

Tlie register pointer specifies whicli register number 
is accessed at ttie next control register write or status 
register read. After a liardware or software reset, the 
register pointer is set to zero. Therefore, tlie first con- 
trol byte goes to control register 0. When the register 
pointer is set to a value other than zero the next con- 
trol or status (C/D = 1) access is to the specified 
register. The pointer is then reset to by setting the 
register pointer. 

Commands [D3-D5] 

Commands commonly used during the operation of 
the MPSCC are grouped in control register 0. They in- 
clude the following: 

Null [000] : This command has no effect and is used 
only to set the register pointer or issue a CRC 
command. 

Send Abort [001] : When operating in the HDLC mode, 
this command causes the MPSCC to transmit the 
HDLC abort code by issuing 8 to 13 consecutive 1s. 
Any data currently in the transmitter or the transmit- 
ter buffer is destroyed. After sending the abort, the 
transmitter reverts to the idle phase (flags). When us- 
ing the Tx byte count mode enable (Dg of CR1), the 
send abort command is automatically issued when 
an underrun condition occurs. 



Table 2. 




status 




Register 


Function 





Buffer and "external/status" status 


1 


Received character error and special condition 




status 


2 


Interrupt Vector 


(Channel 




B only) 




3 


Tx byte count register, low byte 


4 


Tx byte count register, high byte 



Reset External Status Interrupt [010] : When the ex- 
ternal/status change flag is set, the condition of bits 
D3-D7 of status register are latched to capture the 
short pulses that may occur. The reset external/status 
interrupts command reenables the latches so that 
new interrupts may be sensed. 

Channel Reset [Oil] : This command has the same 
effect on a single channel as an external reset at pin 2. 
A channel reset command to channel A rests the 
internal interrupt prioritization logic. This does not 
occur when a channel reset command is Issued to 
channel B. All control registers associated with the 
channel to be reset must be reinitialized. Aftera channel 
reset, wait at least four system clock cycles before 
writing new commands or controls to that channel. 

Enable Interrupt on Next Character [100] : Issue this 
command at any time when operating the MPSCC in 
an interrupt on first received character mode. This 
command must be issued at the end of a message 
to reenable the interrupt logic for the next received 
character (first character of the next message). 

Reset Pending Transmitter Interrupt/DMA Request 
[101] : A pending transmitter buffer empty interrupt or 
DMA request can be reset without sending another 
character by issuing this command (typically at the 
end of a message). A new transmitter buffer empty 
interrupt or DMA request is not made until another 
character has been loaded and transferred to the 
transmitter shift register or when, if operating in 
synchronous mode, the first CRC character has been 
sent. 

Error Reset [110] : This command resets a special 
receive condition interrupt. It also reenables the parity 
and overrun error latches that allow error checking at 
the end of a message. 
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End of Interrupt [111] [Channel A Only] : Once an in- 
terrupt request has been issued by the MPSCG, all 
lower priority internal and external interrupts in the 
daisy chain are held off to permit the current inter- 
rupt to be serviced while allowing higher priority in- 
terrupts to occur. At some point in the interrupt ser- 
vice routine (generally at the end), the end of the in- 
terrupt command must be issued to channel A to 
reenable the daisy chain and allow any pending lower 
priority internal interrupt requests to occur. The EOl 
command must be sent to channel A for interrupts 
that occured on either channel. 

ORG Control Commands [D6-D7] 

The following commands control the operation of the 
ORG generator/checker logic: 

Null [00] : This command has no effect and Is used 
when issuing other commands or setting the register 
pointer. 

Reset Receiver CRC Checker [01] : This command 
resets the ORG checker to zero when the channel is 
in a synchronous mode. It resets to all Is when in an 
HDLG mode. 

Reset Transmitter CRC Generator [10] : This command 
resets the ORG generator to zero when the channel 
Is in a synchronous mode. It resets to all Is when in 
an HDLG mode. 

Reset Idle/CRC Latch [11] : This command resets the 
Idle/GRG latch so that when a transmitter underrun 
condition occurs (transmitter has no more characters 
to send), the transmitter enters the ORG phase of 
operation and begins to send the 16-bit ORG character 
calculated up to that point. The latch is then set so 
that if the underrun condition persists. Idle characters 
are sent following the ORG. After a hardware or soft- 
ware reset, the latch is in the set state. This latch is 
automatically reset after the first character has been 
loaded into the Tx buffer in the HDLG mode. 



Control Register 1 



D7 




D5 




D3 


D2 




Do 


Wait 
Func- 
tion 
Enable 


Tx Byte 
Count 
l\/lode 
Enable 


Wait oh 
Receive 
Trans- 
mitter 


Receiver 
Interrupt 
Mode 


Condi- 
tion 
Affects 
Vector 


Trans- 
mitter 
Interrupt 
Enable 


Ext/ 
Status 

INT 
Enable 


D7 


De 


D5 




D3 


D2 


Dl 


Do 


Low Byte 


D7 


De 


D5 




D3 


D2 


Di 


Do 


High Byte 



External/Status Interrupt Enable [Dq] 

When this bit is set to one, the MPSGG issues an inter- 
rupt whenever any of the following conditions occur: 

— Transition of the DGD, GTS or SYNG input pin 

— Entering or leaving synchronous hunt phase, 
break detection or termination 

— HDLG abort detection or termination 

— Idle/GRG latch set (GRG being sent) 

— After ending flag is sent in the HDLG mode 

Transmitter Interrupt Enable [Di] 

When this bit is set to one, the MPSGG issues an 
interrupt when the following conditions occur: 

— A character currently in the transmitter buffer is 
transferred to the shift register (transmitter buf- 
fer becomes empty), or 

— The transmitter enters the idle phase and begins 
transmitting sync or flag characters. 

The Tx byte count mode enable bit Is set {Dq of 
GR1 = 1). The 7201 A will automatically issue a Tx 
interrupt or DMA request when the transmitter 
becomes enabled (D3 of GR5 = 1). 

Condition Affects Vector [D2I 

When this bit is set to zero, the fixed vector pro- 
grammed in GR2B during MPSGG initialization is 
returned in an Interrupt acknowledge sequence. When 
this bit is set to one, the vector is modified to reflect 
the condition that caused the interrupt. (Programm- 
ed in channel B for both channels). 

Receiver Interrupt Mode [D3 - D4] 

This field controls how the MPSGG interrupt/DMA 
logic handles the character received condition. 

Receiver Interrupts/DMA Request Disabled [00] : The 

MPSGG does not issue an interrupt or a DMA request 
when a character has been received. 

Interrupt/DMA on First Received Character Only [01] : 

In this mode the MPSGG issues an interrupt only for 
the first character received after an enable inter- 
rupt/DMA on first character command (GRG) has been 
given. If the channel is in a DMA mode, a DMA request 
is issued for each character received, including the 
first. In general, use this mode whenever the MPSGG 
is in a DMA or block transfer mode. This will signal 
the processor that the beginning of an incoming 
message has been received. 
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Interrupt [and Issue a DMA Request] on All Received 
Characters [10] : In this mode an interrupt (and DIVIA 
request if the DIVIA mode is selected) is issued 
whenever there is a character present in the receiver 
buffer. A parity error is considered a special receive 
condition. 

Interrupt [and Issue a DMA Request] on All Received 
Characters [11] : This mode is the same as the one 
above, except that a parity error is not considered a 
special receive condition. The following are con- 
sidered special receive conditions: 

— Receive overrun error 

— Asynchronous framing error 
~ Parity error (if specified) 

~ HDLC end of message (final flag received) 

Wait on Receiver/Transmitter [D5] 

If the wait function is enabled for block mode 
transfers, setting this bit to zero causes the MPSCC 
to issue a wait (WAIT output goes low) when the pro- 
cessor attempts to write a character to the transmitter 
while the transmitter buffer is full. Setting this bit to 
one causes the MPSCC to issue a wait when the pro- 
cessor attempts to read a character from the receiver 
while the receiver buffer is empty. 

Tx Byte Count Enable [Del 

Each channel has a 16-bit Tx byte count register used 
for automatic transmit termination. When this bit is 
set to one; the next two consecutive command cycle 
writes will be to the byte count register. The first byte 
is loaded into the lower 8 bits and the second to the 
uppers bits of the byte count register. The byte count 
register holds the number of transfers to be performed 
by the transmitter. A byte counter is incremented each 
time a transfer is performed until the value of the byte 
counter is equal to the value in the byte count register. 
When equal, interrupts or DMA requests will be stop- 
ped until the byte count enable bit is issued and a new 
byte count is loaded Into the byte count register. If a 
transmit underrun occurs in the HDLC mode, and the 
byte count is not equal to the byte count register, an 
abort sequence will be sent automatically. 



Table 3. DMA Mode Selection 



Also, when using the Tx byte count mode, a transmit 
interrupt or DMA request will automatically become 
active after issuing the TX enable command to CR5. 

The Tx byte count mode can be cleared by either a 
channel reset command or a hardware reset. 

Wait Function Enable [D7] 

Setting this bit to one enables the wait function 
selected by D5 of CR1. 



Control Register 2 (Channel A) 



D7 


Db 


D5 


D4 


D3 


D2 


Di 


Do 


Pin 10 
SYNCB/ 
RTSB 


Rx 
INT 
Mask 


Interrupt Vector 


Priority 


DMA Mode 
Select 



DMA Mode Select [Do - Di] 

Setting this field determines whether channel A or B 
is used in a DMA mode [data transfers are performed 
by a DMA controller], or in a non-DMA mode where 
transfers are performed by the processor in either a 
polled, interrupt, or block transfer mode. The func- 
tions of some MPSCC pins are also controlled by this 
field. See table 3. 

Priority [D2I 

This bit selects the relative priorities of the various 
interrupt and DMA conditions according to the ap- 
plication requirements. See table 4. 

Interrupt Vector Mode [D3 - D5] 

This field determines how the MPSCC responds to an 
interrupt acknowledge sequence from the processor. 
See table 5. 

Rx INT Mask [Del 

This option is generally used in the DMA modes. 
Enabling this bit inhibits the interrupt from occuring 
when the interrupt/DMA request on first received 
character mode is selected. In other words, only a 
DMA request will be generated when the first 
character is received. 



Of Do A B 11 26 29 30 31 32 

Non-DMA Non-DMA WAITB DTRB PRI PRO DTRA WAITA 
_0 1 DMA Non-DMA DRQTxA HAI PRI PRO HAO DRQRxA 

1 DMA DMA DRQTXA HAI DRQRxB DRQTxB HAO DRQRxA 
1 1 DMA DMA DRQTxA DTRB DRQRxB DRQTxB DTRA DRQRxA 
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Table 4. DMA/Interrupt Priorities 





Mode 




DMA Priority 






Channel A 


Channel B 


Relation 


Interrupt Priority Relation 





INT 


INT 




SRxA, RxA>TxA>SRxB, RxB>TxB>ExTA>ExTB 


1 


INT 


INT 




SRxA, RxA>SRxB, RxB>TxA>TxB>ExTA>ExTB 





DMA 


INT 


RxA>TxA 


SRxA, RxA>SRxB, RxB>TxB>ExTA>ExTB 


1 


DMA 


INT 


RxA>TxA 


SRxA, RxA>SRxB, RxB>TxB> ExTA>ExTB 





DMA 


DMA 


RxA>TxA>RxB>TxB 


SRxA, RxA>SRxB, RxB>TxB>ExTB 


1 


DMA 


DMA 


RxA>RxB>TxA>TxB 


SRxA, RxA>SRxB, RxB>ExTA, ExTB 



Table 5. Interrupt Acknowledge Sequence Response 



status Register 2B and Inter- 
rupt Vector Bits Affected 
When Condition Affects 



D5 


D4 


D3 


Mode 


Vector is Enabled 











Nonvectored 


D4D3D2 








1 


Nonvectored 


D4D3D2 





1 





Nonvectored 


D2D1D0 





1 


1 


Illegal 




1 








8085 Master 


D4D3D2 


1 





1 


8085 Slave 


D4D3D2 


1 


1 





8086 


D2D1D0 


1 


1 


1 


8085/8259A Slave 


D4D3D2 



Pin 10 SYNCB/RTSB Select [D7I 

Programming a zero into this bit selects RTSB as the 
function of pin 10. A one selects SYNCB as the 
function. 



Control Register 2 (Channel B) 



D7 


De 


D5 


D4 


D3 


D2 




Do 


Interrupt Vector 



Interrupt Vector [Do ■ D7] 

When using the MPSCC in the vectored interrupt 
mode, the contents of this register are placed on the 
bus during the appropriate portion of the interrupt 
acknowledge sequence. Its value is modified if status 
affects vector is enabled. The value of SR2B can be 
read at anytime. This feature is useful in determining 
the cause of an interrupt when using the MPSCC in 
a nonvectored interrupt mode. 



Control Register 3 



D7 




D5 


D4 


D3 


D2 




Do 














Sync 












Re- 




Char- 




Number of 




Enter 


ceiver 


Address 


acter 


Re- 


Received Bits 


Auto 


Hunt 


CRC 


Search 


Load 


ceiver 


per Character 


Enables 


Phase 


Enable 


Mode 


Inhibit 


Enable 



Receiver Enable [Dq] 

Setting this bit to one after the channel has been com- 
pletely initialized allows the receiver to begin opera- 
tion. This bit may be set to zero at any time to disable 
the receiver. 

Sync Character Load Inhibit [Di] 

In the character synchronous modes, this bit inhibits 
the transfer of sync characters to the receiver buffer, 
thus performing a "sync-stripping" operation. When 
using the MPSCC's CRC checking ability, use this 
feature only to strip leading sync characters 
preceding a message, since the load inhibit does not 
exclude sync characters embedded in the message 
from the CRC calculation. Synchronous protocols us- 
ing other types of block checking such as checksum 
or LRC are free to strip embedded sync characters. 

Address Search Mode [D2] 

In the HDLC mode, setting this bit places the MPSCC 
in an address search mode. Character assembly does 
not begin until the 8-bit character (secondary address 
field) following the starting flag of a message matches 
either the address programmed into CR6 or the global 
address 11111111. 

Receiver CRC Enable [D3] 

This bit enables and disables (1 = enable) the CRC 
checker in the character oriented protocol mode, 
allowing characters from the CRC calculation to be 
selectively included or excluded. The MPSCC has a 
one-character delay between the receiver shift register 
and the CRC checker so that the enabling or disabl- 
ing takes affect with the last character transferred 
from the shift register to the receiver buffer. Therefore, 
there is one full character time in which to read the 
character and decide whether or not it should be 
included in the CRC calculation. In the HDLC mode, 
there is no 8-bit delay. 
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Enter Hunt Phase [D4] 

Although the MPSCC receiver automatically enters 
the sync hunt phase after a reset, there are other 
times when reentry is appropriate. This may occur 
when synchronization has been lost or, in an HDLC 
mode, to ignore the current Incoming message. A one 
in this bit position at any time after initialization 
causes the MPSCC to reeheter the hunt phase. 

Auto Enables [D5] 

Setting this bit to one causes the DCD and CTS in- 
puts to act as enable inputs to the receiver and 
transmitter, respectively. 

Number of Received Bits per Character [De - D7] 

This field specifies the number of data bits assembled 
to make each character. The value may be changed 
while a character Is being assembled and, if the 
change Is made before the new number of bits has 
been reached, it affects that character. Otherwise, the 
new specifications take effect on the next character 
received. See table 6. 



Control Register 4 



D7 


De 


D5 


D4 


D3 


D2 




Do 


Clock Rate 


Sync Mode 


Number 
of Stop Bits 
per Sync Mode 


Parity 
Even/ 
Odd 


Parity 
Enable 



Parity Enable [DqI 



Setting this bit to one adds an extra data bit contain- 
ing parity information to each transmitted character. 
Each received character is expected to contain this 



extra bit, and the receiver parity checker Is enabled. 


Table 6. 


Received Bits per Character 


D7 


Do 


Bits per Character 








5 





1 


7 


1 





6 


1 1 8 


Table 7. 


stop Bits 


D3 


D2 


Mode 








Syncfironous modes 





1 


Asynchronous 1 bit time (1 stop bit) 


1 





Asynchronous iy2 bit times {iy2 stop bits) 


1 


1 


Asynchronous 2 bit times (2 stop bits) 



Parity Even/Odd [DiJ 

Programming a zero into this bit when parity is en- 
abled selects odd parity for the received character. 
Conversely, a one in this bit selects even parity 
generation and checking. 

Number of Stop Bits or Sync IVIode [D2 - D3] 

This field specifies whether the channel is used in a 
synchronous or an asynchronous mode. In an asynch- 
ronous mode, this field also specifies the number of 
bit times used as the stop bit length by the trans- 
mitter. The receiver always checks for one stop bit. 
See table 7. 

Sync IVIode [D4 - D5] 

When the stop bits/sync mode field is programmed 
for synchronous modes (D2, D3 = 00), this field 
specifies the particular synchronous format to be 
used. This field is ignored in an asynchronous mode. 
See table 8. 

Clock Rate [De - D7] 

This field specifies the relationship between the 
transmitter and receiver clock inputs (TxC, RxC) and 
the actual data rates at TxD and RxD. When operating 
in a synchronous mode, a 1x clock rate must be 
specified. In asynchronous modes, any of the rates 
may be specified. However, with a 1x clock rate, the 
receiver cannot determine the center of the start bit. 
In this mode, the sampling (rising) edge of RxC must 
be externally synchronized with the data. See table 9. 



Table 6. Syncfironous Formats 



Sync 
Mode 1 
D5 


Sync 
Mode 2 
D4 


Mode 








8-bit internal synchronization character 
(monosync) 





1 


16-bit internal synchronization character 
(bisync) 


1 





SDLC/HDLC 


1 


1 


External synchronization (SYNC pin becomes an 
input) 


Table 9. Clock Rates 


Clock 
Rate 1 
D7 


Clock 
Rate 2 


Clock Rate 








Clock Rate = 1x Data Rate 





1 


Clock Rate = 16x Data Rate 


1 





Clock Rate = 32x Data Rate 



11 Clock Rate = 64x Data Rate 
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Control Register 5 



D7 


Db 


D5 




D3 


D2 




Do 












CRC 




Trans- 




Number of 




Trans- 


Poly- 




mitter 




Transmitted Bits 


Send 


mitter 


nomial 




CRC 


DTR 


per Character 


Break 


Enable 


Select 


RTS 


Enable 



Transmitter CRC Enable [Dq] 

A one or a zero enables or disables (respectively) the 
CRC generator calculation. The enable or disable 
does not. take effect until the next character Is 
transferred from the transmitter buffer to the shift 
register, thus allowing specific characters to be in- 
cluded or excluded from the CRC calculation. By set- 
ting or resetting this bit just before loading the next 
character, it and subsequent characters are included 
or excluded from the calculation. If this bit is zero 
when the transmitter becomes empty, the MPSCC 
goes to the idle phase regardless of the state of the 
idle/CRC latch. 

RTS [Pi] 

In synchronous and HDLC modes, setting this bit to 
one causes the RTS pin to go low, while a zero causes 
it to go high. In an asy nchr onous mode, setting this 
bit to zero causes the RTS pin to go high when the 
transmitter is completely empty. This feature 
facilitates programming the MPSCC for use with asyn- 
chronous modems. 

CRC Polynomial Select [D2] 

This bit selects the polynomial used by the transmitter 
and receiver for CRC generation and checking. A one 
selects the CRC-16 polynomial (XI6 + X15 + X2 + 1). 
A zero selects the CRC-CCITT polynomial (XI6 + X12 
-I- X5 -f- 1). In an HDLC mode CRC-CCITT must be 
selected. Either polynomial may be used in other syn- 
chronous modes. 

Transmitter Enable [D3] 

After a reset, the transmitted data output (TxD) is held 
high (marking) and the transmitter is disabled until 
this bit is set. 

In an asynchronous mode TxD remains high until data 
Is loaded for transmission. 

When the transmitter is disabled in an asynchronous 
mode, any character currently being sent is completed 
before TxD returns to the marking state. 

If the transmitter is disabled during the data phase 
in a synchronous mode, the current character is sent. 
TxD then goes high (marking). In an HDLC mode, the 
current character is sent, but the following marking 
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line is zero-inserted. That is, the line goes low for one 
bit time out of every five. 

Never disable the transmitter during the HDLC data 
phase unless a reset follows immediately. In either 
case, any character in the buffer register is held. 

Disabling the transmitter during the CRC phase 
causes the remainder of the CRC character to be bit- 
substituted with the sync (or flag). The total number 
of bits transmitted is correct and TxD goes high after 
they are sent. 

If the transmitter is disabled during the idle phase, the 
remainder of the sync (flag) character is sent. TxD then 
goes high. 

Send Break [D4] 

Setting this bit to one immediately forces the 
transmitter output (TxD) low (spacing). This function 
overrides the normal transmitter output and destroys 
any data being transmitted, although the transmitter 
is still in operation. Resetting this bit releases the 
transmitter output. 

Transmitted Bits per Character [D5 - De] 

This field controls the number of data bits transmitted 
in each character. The number of bits per character 
may be changed by rewriting this field just before the 
first character is loaded. See table 10. 

Normally each character is sent to the IVIPSCC right- 
justified and the unused bits are ignored. However, 
when sending five bits or less, the data should be for- 
matted as shown below to inform the MPSCC of the 
precise number of bits to be sent. See table 11. 



Table 10. Transmitted Bits per Ctiaracter 



Ihinsmitted 

Bits per 
Character 1 
De 


Transmitted 
Bits per 
Cliaracter 

D5 Bits per Cliaracter 





5 or less (see below) 





1 7 




1 


6 




1 


1 8 




Tabie 11. 


Transmitted Bits per Cliaracter for 5 
Characters or Less 


Dy De Dg 


D4 D3 D2 Dq Number of Bits per Cliarater 


1 1 1 


1 Do 


1 


1 1 1 


Di Do 


2 


1 1 


D2 Di Do 


3 


10 


D3 D2 Di Do 


4 





D4 D3 D2 Di Do 


5 



2-15 



JUPD7201A 



SEC 



DTR [Data Terminal Ready] [D7] 

When this bit is one, t he D TR output is low [active]. 
When this bit is zero, DTR is high. 



Control Register 6 



D7 




D5 


D4 


D3 


D2 


Di 


Do 


Sync Byte 1 



Sync Byte 1 [Do - D7] 

Sync byte 1 is used in the following modes: 

Monosync 8-bit sync character transmitted 

during the idle phase 
Bisync Least significant (first) 8 bits of the 

16-bit transmit and receive sync 

character 

External Sync Sync character transmitted during the 
idle phase 

HDLC Secondary address value matched to 

secondary address field of the HDLC 
frame when the MPSCC is in the ad- 
dress search mode 



Control Register 7 



»7 




D5 


D4 D3 


D2 




Do 


Sync Byte 2 



Sync Byte 2 [Dq - D7I 

Sync byte 2 is used in the following modes: 

Monosync 8-bit sync character matched by the 
receiver 

Bisync Most significant (second) 8 bits of 

the 16-bit transmit and receive sync 
characters 

HDLC The flag character 01111110 must be 

programmed into control register 7 
for flag matching by the MPSCC 
receiver 



Status Register 



D7 


Do 


D5 


D4 


D3 


D2 


Di 


Do 
















Rec'd 












Tx 


INT 


Char 


Break/ 


Idle/ 




Sync 




Buffer 


Pend- 


Avail- 


Abort 


CRC 


CTS 


Status 


DCD 


Empty 


ing 


able 



Received Character Available [Dq] 

When this bit is set, it indicates that one or more 
characters in the receiver buffer are available for the 
processor to read. Once the processor has read all 



the available characters, the MPSCC resets this bit 
until a new character is received. 

Interrupt Pending [D-i - Channel A Only] 

The interrupt pending bit is used with the interrupt 
vector register (status register 2) to make it easier to 
determine the MPSCC's interrupt status. This is 
useful in a nonvectored interrupt mode where the pro- 
cessor must poll each device to determine the inter- 
rupt source. In this mode, interrupt pending is set 
when status register 2B is read, the PRI input is active 
(low), and the MPSCC requests interrupt service. 

It is not necessary to read the status registers of both 
channels to determine if an interrupt |s pending. If the 
status affects vector is enabled and the interrupt 
pending is set, the vector read from SR2 contains 
valid condition information. 

In a vectored interrupt mode, interrupt pending is set 
during the interrupt acknowledge cycle (on the 
leading edge of the second INTAK pulse) when the 
MPSCC is the highest priority device requesting in- 
terrupt service (PRI is active). In either mode, if there 
are no other pending interrupt requests, interrupt pen- 
ding is reset when the end of the interrupt cpmmand 
is issued. 

Transmitter Buffer Empty [D2] 

This bit is set whenever the transmitter buffer is 
empty — except during the transmission of CRC. The 
MPSCC uses the buffer to faciiitate this function. 
After a reset, the buffer is considered empty and 
transmit buffer empty is set. 

External/Status Flags [D3 ■ D7I 

The following status bits reflect the state of the 
various conditions that cause an external/status inter- 
rupt. The MPSCC latches air external/status bits 
whenever a change occurs that would cause an 
external/status interrupt, regardless of whether this 
interrupt is enabled. This allows transient status 
changes on these lines to be saved. 

When operating the MPSCC in an interrupt-driven 
mode for external/status interrupts, read status 
register when this interrupt occurs and issue a reset 
external/status interrupt command to reenable the 
interrupt and the latches. To poll these bits without 
interrupts, issue the reset external/status interrupt 
command to first update the status to reflect the cur- 
rent values. 
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PCD [D3] : This bit refl ects the inv erted state of the 
DCD input. When DCD is low the DCD status bit is 
high. Any transition on this bit causes an external/ 
status interrupt request. 

Sync Status [D4] : The meaning of this bit depends on 
the operating mode of the MPSCC. 

Asynchronou s mod e: Sync status reflect s the inverted 
state of the SYNC input. When SYNC is low, sync 
status is high. Any transition on this bit causes an 
external/status interrupt request. 

External synchronization mode: Sync status operates 
in the same manner as in asynchronous mode. The 
MPSCC's receiver synchronization logic is also tied 
to the sync status bit in an ext ernal synchronization 
mode. A low-to-high transition (SYNC input going low) 
informs the receiver that synchronization has started 
and character assembly begins. 

A low-to-high transition on the SYNC input indicates 
that synchronization has been lost. The sync status 
becomes zero and an external/status is generated. 
The receiver remains in the receive data phase until 
the enter hunt phase bit in control register 3 is set. 

Monosync, bisync, HDIjC modes: In these modes, sync 
status indicates whether the MPSCC receiver is in the 
sync hunt or receive data phase of operation. A zero 
indicates that the MPSCC is in the receive data phase, 
and a one indicates that the MPSCC is in the sync 
hunt phase (as in after a reset or when the enter sync 
hunt bit sets to 1). As in the other modes, a transition 
on this bit causes an external/status interrupt. Note 
that entering a sync hunt phase (when programmed) 
or a reset causes an external/status interrupt request 
which may be cleared immediately with a reset exter- 
nal/status interrupt command. 

GTS [D5] : This bit_reflects the inverted state of the 
CTS input. When CTS is low, the CTS status bit is 
high. Any transition on this bit causes an external/ 
status interrupt request. 

Idle/CRC [Del [Tx Underrun/EOM] : This bit indicates 
the state of the idle/CRC latch used in the syn- 
chronous mode. After a hardware reset, this bit is set 
to one, indicating that the transmitter is completely 
empty. When the MPSCC enters idle phase, it 
automatically transmits sync or flag characters. 

In the HDLC mode, the MPSCC automatically resets 
this latch after the first byte of a frame is written to 
the Tx buffer. 



When the transmitter is completely empty, the 
MPSCC sends the 16-bit CRC character and sets the 
latch again. An external/status interrupt is issued 
when the latch is set, indicating that CRC is being 
sent. No interrupt is issued when the latch is reset. 

Break/Abort [D7] : In the asynchronous mode, this bit 
indicates the detection of a break sequence (a null 
character plus framing error that occurs when the RxD 
input is held low, spacing, for more than one 
character time). Break/abort is reset when RxD returns 
high (marking). 

In the HDLC mode, break/abort indicates the detec- 
tion of an abort sequence when seven or more ones 
are received in sequence. It is reset when a zero is 
received. 

Any transition of the break/abort bit causes an exter- 
nal/status interrupt. 



Status Register 1 



D7 




D5 




D3 


D2 




Do 


End of 


CRC 


Over- 












SDLC 


Framing 


run 


Parity 








All 


Frame 


Error 


Error 


Error 


SDLC Residue Code 


Sent 



All Sent [Do] 

This bit is set when the transmitter is empty and reset 
when a character is present in the transmitter buffer 
or shift register. This feature simplifies the mode con- 
trol software routines. In the bit synchronous mode, 
this bit sets when the ending flag pattern is sent. 

Residue Code [Di - D3] 

Since the data portion of an HDLC message can con- 
sist of any number of bits and not necessarily an 
integral number of characters, the MPSCC has special 
logic to determine and report when the end of frame 
flag has been received (that is, the boundary between 
the data field and the CRC character in the last few 
data characters that were just read). 

When the end of frame condition is indicated (D7 of 
status register 1 = 1) and there is a special receive 
condition interrupt (if enabled), the last bits of the 
CRC character are in the receiver buffer. The residue 
code for the frame is valid in the status register 1 byte 
associated with that data character. (SR1 tracks the 
received data in its own buffer). 

The meaning of the residue code depends upon the 
number of bits per character specif ied for the receiver. 
The previous character refers to the last character 
read before the end of frame, and so on. See table 12. 
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Table 12. Residue Codes 



8 Bits per Character 


D3 


D2 


D, 


Previous 
Cliaracter 


2n(i Previous 
Character 


1 








cccccccc 


CCCCCDDD 





1 





c c c c c c c c 


CCCCDDDD 


1 


1 





cccccccc 


CCCDDDDD 








1 


c c c c c c c c 


C C D D D D D D 


1 





1 


c c c c c cc c 


C D D D D D D D 





1 


1 


cccccccc* 


DDDDDDDD* 


1 


1 


1 


CCCCCCCD 


DDDDDDDD 











C C C C C C D D 


DDDDDDDD 


7 Bits per Cliaracter 


D3 


D2 


Di 


Previous 
Character 


2nd Previous 
Character 


1 








c c c c c c c 


C C C C C D D 





1 





c c c c c c c 


CCCCD D D 


1 


1 





c c c c c c c 


CCCDDDD 








1 


c c c c c c c 


CC DDDDD 


1 





1 


c c c c c c c 


C D D D D D D 





1 


1 


c c c c c c c* 


D D D D D D D* 











C C C C C C D 


D D D D D D D 


6 Bits per Character 


D3 


D2 


Di 


Previous 
Cliaracter 


2nd Previous 


1 








c c c c c c 


C C C C C D 





1 





c c c c c c 


CCCCCD 


1 


1 





c c c c c c 


C C C D D D 








1 


c c c c c c 


C C D D D D 


1 





1 


c c c c c c 


C D D D D D 











cccccc 


D D D D D D 


5 Bits per Character 


D3 


D2 


D, 


Previous 
Character 


2nd Previous 


1 








c c c c c* 


DDDDD* 





1 





CCCCD 


DDDDD 


1 


1 





C C C D D 


DDDDD 








1 


C C D D D 


DDDDD 











CDDDD 


DDDDD 


Notes: C 




CRC bit 







D = Valid data 
* = No residue 

Special Receive Condition Fiags 

The status bits described below— parity error (if parity 
as a special receive condition is enabled), receiver over- 
run error, CRC/framihg error, and end of HDLC frame- 
all represent special receive conditions. 



When any of these conditions occur and interrupts 
are enabled, the MPSCC issues an interrupt request. 
In addition, if a condition affect vector mode is en- 
abled, the vector generated (and the contents of SR2B 
for nonvectored interrupts) is different from that of a 
received character available condition. Therefore, It 
is not necessary to analyze SR1 with each character 
to determine if an error has occurred. 

Also, the parity error and receiver overrun error flags 
are latched. That is, once one of these errors occurs, 
the flag remains set for all subsequent characters 
until reset by the error reset command. Therefore read 
SR1 only at the end of a message to determine if 
either of these errors occurred anywhere in the 
message. The other flags are not latched and follow 
each character available in the receiver buffer. 

Parity Error [D4] : This bit is set and latched when 
parity is enabled and the received parity bit does not 
match the sense (odd or even) calculated from the 
data bits. 

Receiver Overrun Error [D5] : This error occurs and is 
latched when the receiver buffer already contains 
three characters and a fourth character is completely 
received, overwriting the last character in the buffer. 

CRC/Framing Error [Dd : In the asynchronous mode 
a framing error is flagged (but not latched) when no 
stop bit is detected at the end of a character (RxD is 
low one bit time after the center of the last data or 
parity bit). When this condition occurs, the MPSCC 
waits an additional one-half bit time before sampling 
again so that the framing error is not interpreted as 
a new start bit. 

In the synchronous mode, this bit indicates the result 
of the comparison between the current CRC result and 
the appropriate check value. It is usually set to one, 
since a message rarely indicates a correct CRC result 
until correctly completed with the CRC check character. 
Note that a CRC error does not result in a special 
receive condition interrupt. 

End of HDIjC Frame [EOF] [D7] : This status bit is used 
only In the bit synchronous mode to indicate that the 
end of frame flag has been received and that the CRC 
error flag and residue code are valid. This flag can be 
reset at any time by issuing an error reset command. 
The MPSCC also automatically resets this bit when the 
first character of the next message is sent. 
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Status Register 2B 





Db 


D5 


D4 


D3 


D2 




Do 


Interrupt Vector 



Interrupt Vector [Do - D7 - Channel B Only] 

Reading status register 2B returns tlie interrupt vector 
that is programmed into control register 2B. If a con- 
dition affects vector mode is enabled, the value of the 
vector is modified as shown in table 13. 

Code 111 can mean either channel A special receive 
condition or no interrupt pending. Examine the inter- 
rupt pending bit (Di of status register 0, channel A), 
to distinguish which it means. In a nonvectored inter- 
rupt mode, the vector register must be read first for 
the interrupt pending to be valid. 



Table 13. Condition Affects Vector Modifications 



Interrupt 

Pending 8085 Modes D4 D3 D2 

(SRO, Di 

Channel A) 8086 Modes D2 D| Dq Condition 

1 1 1 No interrupt pending 

1 Channel B transmitter 

buffer empty 

1 1 Cfiannel B external/status 

Change 

1 10 Channel B received 

character available 

1 Oil Channel B special receive 

condition 

1 10 Channel A transmitter 

buffer empty 

1 1 1 Channel A external/status 

change 

1 110 Channel A received 

Character available 

1 111 Channel A special receive 

condition 



Status Register Bit Functions (Stieet 1 of 2) 



Control Register 



Control Register 2 (Channel B) 



D7 



D5 



1 



1 




D7 



Pointer for 
the Selection of 
a Read/Write 
Register 



D2 D, 



Interrupt 
Vector 



1 



1 



Null Code 

Send Abort (HDLC) 

Reset EXT/Status Interrupts 

Channel Reset 

Enable INT on Next Rx Character 
Reset Tx INT/DMA Pending 
Error Reset 

End of Interrupt (EOl — Channel A only) 



Control Register 2 (Channel A) 



Null Code 

Reset Rx CRC Checker 
Reset Tx CRC Generator 
Reset Tx Underrun/EOM Latch 



Control Register 1 



Dg D5 D4 



- EXT INT Enable 

- Tx INT Enable 

- Status Affects Vector 
(Channel B only) 



D7 De Dg 



Both Channels Interrupt 

1 Channel A DMA; Channel B INT 

1 Both Channels DMA- Internal Priority Mode 
1 1 Both Channels DMA- External Priority Mode 

- Priority RxA > TxA > RxB > TxB 
1 Priority RxA > RxB > TxA > TxB 

8085 Master Mode 
8085 Slave Mode 
8086/88 Mode 
8085/8259A Slave Mode 



- Interrupt Vectored/Nonvectored 
Receive Interrupt Mask 



Rx INT and DMA Disable 

1 Rx INT on First Character 

1 INT on All Rx Characters 

(Parity Affects Vector) 
1 1 INT on All Rx Characters 
(Parity Does Not Affect 
Vector) 

- Wait on Receiver/Transmitter 

- Tx Byte Count Enable 

- Wait Enable 



OR Interrupt on 
Special Receive 
Condition 



RTSB Pin 10 
SYNCB Pin 10 



Control Register 3 



D4 



Dj D, 



- Rx Enable 

- Sync Character Load Inhibit 

- Address Search IVIode (HDLC) 

- Rx CRC Enable 

- Enter Hunt Phase 

- Auto Enables 



Rx5 Bits/Character 
Rx7 Bits/Character 
Rx6 Bits/Character 
Rx8 Bits/Character 
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status Register Bit Functions (Sheet 2 of 2) 



Control Register 4 



Status Register 1 



n 



Parity Enable 

Parity = Odd 

1 Parity = Even 



Sync Modes Enable 
1 Stop Bit/Character 

1 Vz Stop Bits/Character 

2 Stop Bits/Character 



8-bit Sync Character 

1 16-bit Sync Character 

1 SDLC Mode (01 1 11 1 1 Flag) 
1 1 External Sync Mode 

XI Clock Mode 
XI 6 Clock Mode 
X32 Clock Mode 
X64 Clock Mode 



Control Register 5 



D4 D3 D2 D, 



Ds D3 Dj D, 



- All Sent — Used with External/Status 
Interrupt Mode 



l-Field 
Bits in 



l-Field 
Bits in 
Second 



Previous Previous 
Byte Byte 



Residue Data for 
Eight Rx Bits per 
Character 
Programmed 



- Parity Error 

- Rx Overrun Error 

- CRC/Framing Error 

- End of Frame (SDLC) 



Tx5 Bits (or Less)/Character 
Tx7 Bits/Character 
Tx6 Bits/Character 
Tx8 Bits/Character 



-Tx CRC Enable 
-RTS 

-CRC-ie/CRC-CCITT 

- Tx Enable 

- Send Break 



Status Register 2B 



Control Register 6 



D4 



- Sync Bit 

- Sync Bit 1 

- Sync Bit 2 

- Sync Bit 3 

- Sync Bit 4 

- Sync Bit 5 

- Sync Bit 6 
-Sync Bit 7 J 



Also SDLC 
Address Field 



Control Register 7 



- Sync Bit 8 

- Sync Bit 9 
-Sync Bit 10 

- Sync 



-Sync Bit 12 
-Sync Bit 13 



- Sync E 
-Sync Bit 15 



Status Register 4 

(Tx Byte Count Register) 



[1] For SDLC it must be programmed to 01111110 for flag recognition. 



Status Register 



D7 



- Rx Character Available 

- INT Pending (Channel A Only) 

- Tx Buffer Empty 

- DCD 

-Sync/Hunt I Used with 

- CTS > External/status 

- Tx Underrun/EOM Interrupt Mode 

- Break/Abort 



- V0(2]^ 
-VI [2] 

- V2[2] 

- V3[2] 

- V4[2] 

- V5 

- V6 

- V7 - 



Interrupt 
Vector 



[1] Used with special receive condition mode. 

[2] Variable if Status Affects Vector is programmed. 



Status Register 3 

(Tx Byte Count Register) 



-BitO 
-Bit 1 
-Bit 2 
-Bits 
-Bit 4 
-Bits 
-Bite 
-Bit 7 



-Bit 8 
-Bit 9 
-Bit 10 
-Bit 11 
-Bit 12 
-Bit 13 
-Bit 14 
-Bit 15 



Low 
Byte 



High 
Byte 
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Description 

The/iPD72001 advanced multiprotocol serial controller 
(AMPSC) is a high-performance, single-chip, serial 
communications controller designed to meet a wide 
variety of communications requirements. The AMPSC 
contains two independent full-duplex channels which 
can be configured to transmit and receive data in either 
asynchronous protocol or one of two synchronous 
protocols: character-oriented protocol (COP) or bit- 
oriented protocol (BOP). The COP and BOP synch- 
ronous protocols include cyclic redundancy check 
(CRC) generation and checking. 

The AMPSC has several interrupt modes, including 
vectored and nonvectored. Separate direct memory 
access (DMA) requests are available for the transmitter 
and receiver on each channel, allowing high speed 
operation. The AMPSC is easily interfaced to most 
microprocessors with a minimum of logic. 

The //PD72001 AMPSC is an upgraded CMOS version 
of the//PD7201 A MPSCC with the following additions: 
four internal baud rate generator (BRG)/timers, two 
digital phase-locked loops (DPLL), two crystal oscilla- 
tors, and the capability of synchronous data link 
control (SDLC) loop operation. The BRG's can be used 
as independent timers, when they are not being used 
as baud rate generators. Each timer generates its own 
zero count interrupt. These features simplify design 
requirements and at the same time enhance the flexible 
architecture of the //PD7201 A. 

Features 

□ Advanced version of the /iPD7201 A 

□ Functional superset of industry standard 8530 

□ CMOS technology 

□ Multiprotocol 

— Asynchronous 

— Synchronous 

— Character-oriented (BISYNC/MONO-SYNC) 
•- Bit-oriented (SDLC/HDLC) 

□ Two independent full-duplex channels 

□ Versatile host-system interface 

— Software polling 

— Interrupt 

— DMA 

□ Interface to a majority of microprocessors (V-Series, 
8080, 8085, 80X86/88, and others) 

□ DC to 2.2-Mb/s data rate 

□ Modem control signals 

□ NRZ, NRZI, and Fl\/I encoding/decoding, Manchester 
decoding 



□ Digital phase-locked loop per channel 

□ Two baud rate generator/timers per channel (receive 
and transmit) 

□ Crystal oscillator per channel 

□ Loopback test mode 

□ SDLC loop mode 

□ Mark idle detection 

□ Short frame detection 

□ Single +5 V power supply 

□ Standby mode for reduced power consumption 

□ Two speed versions: 8 MHz and 1 1 MHz systems 
and input data clocks 

□ Available in DIP, PLCC, and quadflat packages 

Ordering information 



Part No. 


Package Type 


Max Clock 
Speed 


/>fPD72001C 


40-pin plastic DIP 


8 MHz 


//PD72001C-11 


40-pin plastic DIP 


11 MHz 


//PD72001GC-3B6 


52-pin plastic miniflat 


8 MHz 


yuPD72001GC-3B6-11 


52-pin plastic 


11 MHz 


yuPD72001L 


52-pin plastic 

leaded chip carrier (PLCC) 


8 MHz 


)uPD72001L-11 


52-pin plastic leaded 
chip carrier (PLCC) 


11 MHz 



Pin Configurations 

40'Pin Plastic DIP 



DCDAC 

Dei: 
DsC 
D4II 
D3C 
D2I: 

DiC 
DoC 
GNDC 

WrC 

RDC 
C/DC 

b/aC 

PROC 
PRIC 
INTAK C 

iFPf C 

CTSBC 

dcdbC 



□ CTSA 

□ RxDA 



□ XI2A/SYNCA 



□ TRxCA 

□ TxDA 

□ RTSA 

□ DRQRxA 



38 P XMA/STRxCA 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 



□ RESET 

□ CLK 

□ Vdd 

□ DRQTxA 

□ DTRA/DRQTxB 

□ DTRB/DRQRxB 

□ RTSB 

□ TxDB 



□ XI2B/SYNCB 



□ XIIB/STRxCB 

□ RxDB 



□ TRxCB 
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Pin Configurations (cont) 



52-Pin Plastic l^inifiat 



Pin identification 




^ e e 

t l< lo 



o o 



d > > 

n n n n n n n n n 



□ rtsb 

□ TxDB 

□ XI2B/SYNCB 



« in (o K oo 



CM CO U> <0 



>r- T- T- -r- Ol «M CM CM CM (M CM 



UUUUUUUUUUUUU 
Q lO l< U O 
^ ffi Z Z 



39 
38 
37 

36pXI1B/STRxCB 
35 DRxDB 
34 □ TRxCB 
33 □ IC 
32 □ DCDB 
31 □ CTSB 

30 Dirif 

29 □ INTAK 
28 iPRi 
27 IlPRO 



52'Pin Piastic Leaded Chip Carrier (PLCC) 



i< 

o o a a \q z I 



o 

J nnnnnnnnnnnnn 



D2C 8 

NCC 9 

Di C 10 

NC C 11 

DoC 12 

GND C 13 

GND C 14 

WRC 15 

RD C 16 

C/D C 17 

NC C 18 

B/A C 19 

NC C 20 



o 



m 10 in «!■ Ti- 



□ NC 



CM CO « in <o 

CM CM CM CM CM 



s s 



UUUUUUUUUUUUU 




1^ |i- loo laa 



O Z 

lo 



Symbol 


Function 


B/A 


Channel B or channel A select input from host 




computer 


C/D 


Control/data input select from host computer 


CLK 


System clock input from host computer 


CTSA 


Clear-to-send input for channel A 


CTSB 


Clear-to-send input for channel B 


DCDA 


Data carrier detect input for channel A 


DCDB 


Data carrier detect input for channel B 


DTRA/DRQTxB 


Data terminal ready output for channel A or DMA 




request output for transmit channel B; determined by 




control register CR2A 


DTRB/DRQRxB 


Data terminal ready output for channel B or DMA 




request output for receive channel B; determined by 




control register CR2A 


DRQRxA 


DMA request output for receive channel A 


DRQTxA 


DMA request output for transmit channel A 


D7-D0 


System data bus 


INT 


Interrupt request output to host computer 


INTAK 


Interrupt acknowledge input from host computer 


PRI 


Priority input, interrupt daisy chain control 


PRO 


Priority output, interrupt daisy chain control 


RD 


Read control input from host computer 


RESET 


System reset input from host computer 


RTSA 


Request-to-send output for channel A 


RTSB 


Request-to-send output for channel B 


RxDA 


Receive data input for channel A 


RxDB 


Receive data input for channel B 


TRxCA 


Transmit-receive clock input for channel A 


TRxCB 


Tran<;mit-rpppi\/p rinrk inniit fnr rhannpl R 

IIClllOIIIIL luUUIVG UiUui\ llljJUL iwl LfllullllUl LI 


TxDA 


Transmit data output for channel A 


TxDB 


Transmit data output for channnel B 


WR 


Write control input from host computer 


XI1A/STRxCA 


External crystal connection for channel A or transmit- 




receive clock source input for channel A 


XI2A/SYNCA 


External crystal connection for channel A or 




synchronization input for channel A 


XIIB/STRxCB 


External crystal connection for channel B or transmit- 




receive clock source input for channel B 


XI2B/SYNCB 


External crystal connection for channel B or 




synchronization input for channel B 


GND 


System ground 


Vdd 


+5 V (typical) 
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Pin Functions 

CPU Interface 

B/A [Channel Select]. The input to this pin selects the 
channel to be accessed for a write or read operation. A 
low input selects channel A; a high input selects 
channel B. 

C/D [Control/Data Select]. The input to this pin selects 
the type of data on the data bus during a write or read 
access. A low input selects data; a high input selects a 
control or status register. 

CLK [System Clock]. This input supplies the clock for 
the internal operation of the device. It is separate from 
the data clocks. The system clock input must be more 
than five times the serial data transfer rate. 

INT [Interrupt]. The interrupt request output signal at 
this pin goes low if an interrupt cause occurs within the 
AMPSC. The output is an open-drain transistor and 
requires a pull-up resistor. 

INTAK [Interrupt Acknowledge]. An active-low input 
signal at this pin is used in response to an interrupt 
request. In the Vector mode (CR2A bit D7 = 1), it 
causes the interrupt vector to be placed on the data 
bus. The o utput v ector mode determines the number of 
cycles of INTAK toggling that are required for each 
interrupt acknowledge cycle (seeCR2A bits D3-D5). In 
the Nonvector mode (D7 = 0), this pin must be pulled 
high. If unused, this pin miist also be pulled high. 

PRI [Priority Input]. The PRI signal controls interrupt 
request generation and interrupt vector output. The 
pin is the input forthe interrupt priority daisy chain that 
determines how interrupts from multiple devices are 
resolved. A high level prevents the AMPSC from 
presenting an interrupt vector during the INTAK 
sequence. A low level allowsthe vector to be presented. 
If unused, this pin must be tied low. 

PRO [Priority Output]. This is an output to the interrupt 
priority daisy chain. It controls interrupt requests from 
lower-priority devices. It indicates the existence of a 
higher-priority interrupt, either within the AMPSC or, if 
no internal interrupt exists, the condition of the PRI 
Input. 

RESET [Reset]. Applying a low signal continuously for 
two or more clock cycles (tcvK) to this pin resets the 
AMPSC (system reset) and places it in Standby mode. 
A system reset disables the transmitter, receiver, in- 
terrupt, and DMA functions and sets the TxD and 
general-purpose output pins to high. It also resets all 
bits of the control registers. 



RD [Read]. The active-low RD input signal causes 
status or receive (Rx) data to be read out of the 
AMPSC. The data is presented on pins D0-D7. The 
values are dependent on the state of the B/A and C/D 
inputs and the internal state of the device. 

WR [Write]. The active-low WR input signal causes 
control words or transmit (Tx) data to be written into 
the AMPSC. The data written is input on pins D0-D7 
(data bus). The destination of the data is determined by 
the state of the B/A and C/D pins and the value of the 
internal register pointer. 

D7-D0 [Data Bus]. These pins constitute a three-state, 
8-bit, bidirectional data bus. The bus is connected to 
the host processor's data bus to transfer control words, 
status information, and send/receive data. 

Channel Interface 

RxDA, RxDB [Receive Data]. Receive data enters the 
AMPSC on these pins. 

TxDA, TxDB [Transmit Data]. Transmit data exits the 
AMPSC on these pins. 

DRQTxA, DRQTxB [DMA Transmit Requests]. These 
active-high outputs for channels A and B are DMA 
requests to the DMA controller. The pin is set to high 
when the Tx buffer is emptied. The conditions under 
which this occurs depend on the s tatus o f control 
register CR1 bit D2. (DRQTxB and DTRA are dual 
functions of the same pin. j 

DRORxA, DRORxB [DMA Receive Requests]. These 
active-high outputs for channels A and B are DMA 
requests to the DMA controller. The pin is set to high 
when the receiver enters the Rx Character Available 
state. It is reset when r eceive d data is read out of the 
channel. (DRQRxBand DTRB are dual functions of the 
same pin.) 

TRxCA, TRxCB [Transmit/Receive Clock]. If bit D2 of 

control register CR15 is zero, these pins are transmit or 
receive clock inputs. Also, they are inputs if bits D5 and 
D6 or D3 and D4 are set to one and zero, respectively, 
overriding the state of bit D2. 

If none of the conditions above are true, the pins 
function as outputs with the source selectable between 
the crystal oscillator, the BRG, the DPLL, and the 
transmit clock. S^election is made with bits DO and D1 of 
CR15. 

STRxCA, STRxCB [Clock Source]. These pins are the 
transmit or receive clock source inputs for channels A 
and B, respectively. They can be routed internally to 
the transmitter, receiver, BRG's, or DPLL. An alternative 
function as an external crystal connection point (XI) is 
selected by control register CR15 bit D7. 
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XMA, XI2A and XI1B, XI2B [Crystal Connections]. 

These two pin pairs may be connected to external 
crystals that control the inte rnal oscill ator s for chann els 
A and B, respectively. (See STRxCA and STRxCB.) 

Modem Control 

RTSA, RTSB [Request to Send]. These are general- 
purpose outputs usable, as an example, for modem 
control. Pin status is set by CR5 bit 01 and Auto Enable 
bit status (CR3 bit D5). 



CTSA, CTSB [Clear to Send]. These are general- 
purpose inputs usable, as an ex a mple, f or modem 
control. A status change on CTSA or CTSB affects E/S 
bit latch operation. If E/S INT is enabled (CR1 bit DO set 
to 1), an E/S interrupt occurs. If t he Aut o En able m ode 
is selected (CR3 bit D5 set to 1 ), CTSA and CTSB can 
be used with the Tx Enable bit (CR5 bit D3) to control 
transmitter operation. 



DC DA, DC DB [ Data Carrier Detect] . These are general- 
purpose inputs usable, as a n exam pl e, for modem 
control. A status change on DCDA or DCDB affects 
E/S bit latch operation. If E/S INT is enabled (CR1 bit 
DO set to 1), an E/S interrupt occurs. If the Auto En able 
mode is selected (CR3 bit D5 set to 1), DCDA and 
DCDB can be used with the Rx Enable bit (CR3 bit DO) 
to control receiver operation. 



DTRA, DTRB [Data Terminal Ready]. These are 
general-purpose active-low outputs controlled by 
control register CR5A bit D7. (DRQ TxB and D RQRxB 
have dual pin functions with DTRA and DTRB.) 



SYNCA, SYNCB [Sync Input or Output]. In accordance 
with the settings of control regsister CR4 bits D7-D2, 
and with CR15 bit 07 = 0, the three functions of these 
pins are as follows. 

(1) Asynchronou s mod e: g enera l-purpose input that 
functions like DCD and CTS. 

(2) External sync mode: active-low input indicates to 
the AMPSC that synchronization has occurred; 

(3) Internal sync mode: active-low output indicates 
when synchronization is detected by the AMPSC. 



Crystal Recommendations 

The crystals used with the//PD72001 internal crystal 
oscillators should be parallel resonant, fundamental 
mode, with an AT cut. For frequency stability, two 
capacitors can be added from the pins of the crystal to 
ground (figure 1). The value of the capacitors can be 
calculated by the following formula: 



Cl = 



Ci XC2 
Ci + C2 



+ Cs 



Cl is the load capacitance of the crystal and Cs is all 
stray capacitance in parallel with the crystal. The Cs 
value should include the input capacitance (Cio and 
C|n) of the //PD72001 and any wiring or socket 
capacitance. 

Figure 1. Crystal Configuration Circuit 





Xfl 




□ 


/UPD72001 




XI2 













Absolute Maximum Ratings 

Ta = +25*'C 


Power supply voltage, Vqd 


-0.5 to +7.0 V 


Input voltage, Vj 


—0.5 io v'do "i" 0.5 V 


Output voltage, Vq 


-0.5 to Vdd + 0.5 V 


Operating temperature, TopT 


-10 to +70 °C 


Storage temperature, TsTG 


-65 to +150 
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DC Characteristics 

Ta =-10 to +70*'C; Vdd = + 5 V ±10% 











Limits 








Parameter 






Min 




Typ 




Max 


Unit 


ItSol UUIIUIIIUIIO 


Input low voltage 




V|L 


— n R 










v 


All nine ovpont PI K 
MM pillb CAtcpi L/LI\ 






V|LC 


— n R 

U.J 








+0 6 


\J 


PI W nin 
ULiV pill 


Input high voltage 




V|H 


+2 2 








Vnn 4- n 'i 

VDD ^ "-^ 




All nine pvppnt PI 
r\ll |Jlllo CaOC|JI 






V|HC 


+3.3 








VDD ' ^•'^ 


y 


r.l K nin 


Output low voltage 
















V 


l/M — 9 mA 
IQ|_ — c.KJ IIIM 


Output high voltage 




VOH 


0.7 Vdd 










V 


IOH = -400M 


Output leakage current, high 


Iloh 










+10 


)uA 


VouT = Vdd 


Output leakage current, low 




'lol 










-10 


y"A 


VoUT = OV 


Input leakage current, high 




'UH 










+10 


M 


V|N = Vdd 


Input leakage current, low 




lUL 










-10 


/"A 


V,N = OV 


Vdd supply current 




Idd 






20 




40 


mA 


All outputs at high level; tpy = 0.125 //s 


Standby current 




'DDI 






1 




20 


A^A 


^RxC = ^TxG = ^CLK = DC 












1 




2 


mA 


Standby mode 


Capacitance 

Ta = 25X;Vdd = 0V 














Limits 








Parameter 




Symbol 


Min 






Max 




Unit 


Test Conditions 


Input capacitance 




C|N 








10 




PF 


fc = 1 1VIHz; unmeasured pins returned to V 


I/O capacitance 




C|0 








20 




PF 




AC Characteristics 

Ta = -10 to +70°C; Vdd = +5 V ±10% 








Limits, 8 


MHz 






Limits. 11 MHz 




Parameter 


Symbol 


Min 


Max 






Min 


Max 


Unit Test Conditions 


Clock 


Clock cycle (Note 1) 


^CYK 




125 


2000 






91 


2000 


ns 


Clock high level width 


tWKH 




50 


1000 






40 


1000 


ns 


Clock low-level width 


%KL 




50 


1000 






40 


1000 


ns 


Clock rise time 


tKR 






10 








10 


ns 1.5 to 3.0 V 


Clock fall time 


tKF 






10 








10 


ns 3.0 to 1.5 V 



Notes: 

(1 ) In all modes, the systenn clock frequency must be more than five 
times the maximum data rate. 
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AC Characteristics (cent) 







Limits. { 


iMHz 


Limits. 11 iVIHz 






Parameter 


Symbol 


Min 


Max 


IVlin 


Max 


Unit 


Test Conditions 


Read Cycle 


Address setup time to RDl 


tSAR 












ns 




Address hold time from RD" t 


tHRA 












ns 




RD pulse width 


tWRL 


150 




150 




ns 




Data output delay time 
from address 


tOAD 




120 




120 


ns 




Data output delay time 
from RD 1 


tORD 




120 




120 


ns 




Data float delay time 
from RD t 


tpRD 


10 


85 


10 


85 


ns 




Write Cycle 


Address setup time to WR i 


tSAW 












ns 




Address hold 
time from WR t 


tHWA 












ns 




WR pulse width 


twWL 


150 




150 




ns 




Data setup time to WRt 


tSDW 


120 




120 




ns 




Data hold time from WR t 


tHWD 












ns 




Read/Write Cycle 


RD/WR recovery time (Note 2) 




160 




160 




ns 




Transmit or Receive Cycle 


Transmit/receive data cycle 


tCYD 


5 




5 




tCYK 




STRxC, TRxC input clock cycle 


tCYC 


125 




91 




ns 




STRxC, TRxC input clock pulse 


Uink l/Nwr^i ...:>J4.u 
1 iiyii-icvci WlUlll 


iWCH 


50 




40 




ns 




Low-level width 


twCL 


50 




40 




ns 




Transmit Cycle 


TxD delay time from STRxC 1, 
TRxCi 


tOTCTDI 




100 




100 


ns 


x1 mode 


tDTCTD2 




300 




300 


ns 


x16, x32, x64 mode 


INT delay time from TxD 


tPTDIQ 


4 


6 


4 


6 


tCYK 


Tx INT mode 


DRQTx delay time from TxD 


tOTDDQ 


4 


6 


4 


6 


tCYK 


Tx DMA mode 



Notes [cont]: 

(2) For all operations except Tx/Rx data transfer 
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Limits. ( 


ilVIHz 


Limits. 11 MHz 






Parameter 


Symbol 


IVlin 


IVlax 


Min 


Max 


Unit 


Test Conditions 


Receive Cycle 


RxD setup time 
to STRxCt.TRxCt 


tSRDRC 












ns 




RxD hold time 

from STRxC t.TRxC t 


^HRCRD 


140 




140 




ns 




INT delay time 
from RxC t (Note 3) 


tDRGIQ 


7 


11 


7 


11 


tCYK 


Rx IN mode 


DRQRx delay time 
from RxC t (Note 3) 


tORCDQ 


7 


11 


7 


11 


tCYK 


Rx DMA mode 


DMA Request Control 


DRQRx I request^ 
delay time from RD I 


^DRDQ 




120 




120 


ns 




DRQTx i request delay time 
from WR i 


tOWDQ 




120 




120 


ns 




Interrupt Control 


INTAK low-level width 


twiAL 


150 




150 




ns 




PRO delay time from PRI 


tDPlPO 




50 




50 


ns 




PRi setup time to INTAK I 


tSPIIA 












ns 


When vector output 


PRI hold time 
from INTAK t 


tHIAPI 


20 




20 




ns 


is selected. 


Data output 

delay time from INTAK i 


tDIAD 




120 




120 


ns 




Data float delay time 
from INTAK t 


tpiAD 


10 


85 


10 


85 


ns 




Modem Control 


CTS, DCD, SYNC pulse 


High-level width 


tWMH 


2 




2 




tCYK 




Low-level width 


tWML 


2 




2 




tCYK 




INT delay time from 
CTS, DCD. SYNC 


tOMIQ 




2 




2 


tCYK 




Sync Control 


SYNC delay 
STRxCt.TRxCt 


tOTRCSY 





2 





2 


tCYK 


COP external 
synchronization 


Crystal Oscillator 


XI1 input cycle time 


tCYX 


125 


1000 


91 


1000 


ns 




Resef 


RESET pulse width 


tWRSL 


2 




2 




tCYK 





Notes [cont]: 



(3) STRxC or TRxC, whichever is used for the receive clock 
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Timing Waveforms 

Cfock Input Test Points 



/ 3.3 




3.3 V 
0.6\ 




/0.6 


Test points 










83-004286A 



I/O Waveform Test Points 







W2.2 

A 0.8 


2.2V 

Test points X 
0.8 /\ 


0.45 




83-004285A 



AC Test Load Circuit 



:^ Cl = 100 pF 

[includes jig capacitance] 



Clock Timing 




Read Cycle 



C/D, B/A 



D7-D0 



X 



-tWRL- 



-tDRD- 



< 



-tHRA- 



i 



tFRD 



> 



-tDAD- 
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Timing Waveforms (cont) 

Write Cycle 




Read/Write Cycle (for all operations except Tx/Rx data transfer) 



RD, WR 



\ 



^ / 



-tRV- 



\ 



Transmit Cycle 



-tCYC- 



\ / H f 



-tDTCTD- 



y: 



-tCYD- 



X 



-tDTDIQ- 



- tDTDDQ- 
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Timing Waveforms (cont) 

Receive Cycle 



-tcYC- 



-twCL- 



-tWCH- 



STRxCA/B 
TRxCA/B 



tSRDRC - 



DRQRxA/B 



X 



-iDRCIQ- 



-tDRCDQ- 



/ 



JC 



-tCYD- 



DM/li Request Control 



ORQTxA/B 
DRQRxA/B 



WD 



\ 



\ 



-tDRDQ- 



-tDWDQ- 



Modem Control 



SYNCA/B 



-tWML- 



-tWMH- 



-tDMIQ- 



t 



2-30 



AfPD72001 



Timing Waveforms (cont) 

Interrupt Control 



tHIAPI - 



-tDPlPO-^ 



/ 



D7-D0 ■ 



<ZI3 C 







c 






tDIAD 


^ tFIAD— ^ 




^ 


' \ 


^ r 







Sync Control 



J \ / \ / 



Last Bit of 
SYNC Character 



1st Bit of 
Data Character 



\ 



-tDTRCSY-^ 



*SYNCA/B input must be set to at the rising edge of RxC after two clocl< cycles 
following the last bit of SYNC character. 



Crystal Oscillator 



Reset 



- tCYX - 



Functional Operation 

Refer to the//PD72001 AMPSC block diagram (figure 2) 
for an overview of the four major functional blocks of 
logic listed below. 

• System clock control 

• Interface control 

• Transmitter 

• Receiver 




System Clock Control 

The system clock control logic receives and manages 
the system clock (CLK), which operates the internal 
circuitry of the //PD72001. The system clock and 
internal circuitry must be operating in order for the 
transmitters and receivers of the //PD72001 to function. 
In standby mode/the system clock is blocked by the 
clock control circuitry and the transmitters and re- 
ceivers can not operate. In clocked operation, the 
system clock can be used as the source for the data 
clock, which is used by the transmitters and receivers. 
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The internal registers of the yuPD72001 are static in 
nature and do not require the system clock to retain 
their contents. 

Interface Control 

The interface control logic contains the signals used to 
control the transfer of data and status information 
between the host CPU and the AMPSC. This logic 
block has four types of interface Mnes. The read/write 
and control lines (RD, WR, C/D, B/A) select what data is 
to be trans ferred a nd the direction of the transfer. The 
reset line (RESET) which is part of this group, resets 
the internal state of the //PD72001 when held active. 
The Interrupt control line (INT) sends a signal to the 
host CPU when the AMPSC re quires a ttention. The 
interrupt acknowledge line (INTAK) signals the 
//PD72001 when the host CPU is ready to service its 
requ est for attention. The interrupt priority lines (PRI, 
PRO) are used to form the interrupt priority daisy 
chain, which arbitrates the interrupt service priority. 

The DMA control lines (DRQRxA, DRQTxA, DRQRxB, 
DRQTxB), inform the DMA controller when a data 
transfer is ready. The data bus buffer provides tempo- 
rary storage of the data (D7-D0) being transferred from 
the internal registers of the//PD72001 to the host CPU. 

Transmitter 

Each channel's transmitter accepts parallel byte data 
and sends it out serially. The data is sent out at a rate 
determined by the transmit data clock (TxCLK). The 
source of this clock is determined by the clock control 
multiplexer. Bytes are loaded into the transmit buffer. 
When the transmit shift register is empty, the contents 
of the transmit buffer are loaded into the transmit shift 
register. 

The transmitter is also responsible for the transmit 
CRC calculation and sending flags and sync characters. 
The transmitter can be made to send breaks and aborts 
using commands from the host CPU. 

The internal loopback feature connects the transmitter 
to the receiver and disconnects the receiver from the 
RxD pin. 

The echo loop feature connects the receiver to the TxD 
pin and disconnects the transmitter. 

The Baud Rate Generators (BRGs) divide down the 
selected clock source to produce data clocks that can 
be used for the transmitter and receiver. The clock 
multiplexer selects the clock sources for them. By 
selectingthe correct value for the BRG count, the BRG 



can be used as a timer with a wide dynamic range. The 
clock source for the timer can be selected from the 
system clock, the data clock, an external source, or a 
crystal. 

Receiver 

The receivers in the AMPSC accept serial data into the 
receive shift register, which in turn assembles this 
serial data into parallel characters (byte). The 
assembled byte is transferred into the receive buffer 
(FIFO), which can contain up to three bytes. The 
receive status of each byte is transferred along with it 
through the receive buffer. In this way, the status 
reported by the //PD72001 is always current for the byte 
that is about to be removed from the FIFO. 

The receive shift register also checks for flags and sync 
characters in the synchronous modes. Flags are auto- 
matically removed from the data stream, while sync 
characters have the option of being retained. This is 
determined by a CPU command. 

The receiver in synchronous modes, calculates the 
received CRC and checks it against the CRC that is 
received with the data. A difference is reported to the 
host processor. 

The digital phase-locked loop (DPLL) is used to 
separate the data from the clocking information in 
the NRZI, FM, and Manchester encoded received bit 
streams. It locks in on the received data and provides 
an accurate and stable clock for the receiver. 

Standby IVIode 

The//PD72001 enters the standby mode after a hardware 
reset or by issuing the standby command (CR13 bit 
DO). In standby mode, the system and data clocks are 
blocked internally by the clock multiplexer. This shuts 
down the AMPSC and reduces power consumption 
greatly. System power requirements can be further 
reduced by externally stopping the input clock 
transitions. 

In standby mode, the //PD72001 retains all register 
values, but no internal functions operate and read 
operations of the AMPSC will not transfer any data. 

To release the standby mode, a write cycle must be 
performed to CRO. To resume normal operation without 
affecting the internal state of the device, a zero can be 
written to CRO. 
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Figure 2. ijPD72001 AMPSC Block Diagram 
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System Configuration Example 

In the system configuration example (figure 3), the 
//PD72001 is used as a high-speed interface to a 
modem. It controls the modem interface and serial data 
flow. The AMPSC is used with a direct memory access 
controller (DMAC), such as the /jPD71071 in order to 
speed the data transfer and reduce the host CPU 
overhead. The //PD72001 directly interfaces with the 
host CPU, without requiring an interrupt controller, 
such as the/iPD71059. Extra hardware is not required, 
since the AMPSC can generate its own interrupt 
vectors. 



The interface between the//PD72001 and the host CPU 
is not very complex. It requires only address decoding 
logic for I/O operations. A multiplexer can be used to 
decode DMA acknowledge signals. However, it is not 
necessary with DMA controllers, such asthe//PD71071, 
which are able to do their own I/O addressing. 

The AMPSC's flexible interface to a variety of host 
processors makes connection simple. 



Memory 



r 
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Figure 3. System Configuration Example 
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Programming the AMPSC 

Software programming the AMPSC utilizes separate 
data and command/status paths. The data path uses an 
8-bit register. The command/status path has a set of 
8-bit registers structured for efficient and complete 
control with a minimum of interaction from the host 
processor. 

The internal registers (table 1) are divided into control 
registers (CRs) and status registers (SRs). Also, unless 
otherwise noted in table 1, each channel has its own set 
of registers; for example, CR1 A and CR1 B are the CR1 
control registers for channels A and B. 

The control and status registers for a given channel are 
all accessed through the same I/O address. The dif- 
ferent registers are selected by using the register 
pointer in CRO (bits D0-D2). The register pointer is 
reset to zero after each register operation. For example, 
to write to CJR2, a two is initially written to the control 
address (C/D pin set high). After this the value to be 
written into CR2 is also written to the control address. 
To read from SR2, a two is written to the control 
address, and then a read cycle at the control address 
reads the value in SR2. A zero is not required to be 
written before CRO and SRO are accessed. Control 
registers (figure 4) set up the device operation mode or 
control device operations. The host processor writes 
control words into these registers. 

Status registers (figure 5) hold device status in- 
formation. The host processor can sense the AMPSC 
device status by reading these registers. 

Frequently used information is retained in control 
register CRO and status register SRO. This information 
can be sent or received by writing or reading a single 
byte. In normal operation, CRO is initially loaded with a 
command to reset the AMPSC. Next, CR2 is loaded to 
set the interface mode. This is followed by the remaining 
registers, beginning with CR4 to set the protocol type. 



Tiible 1. AMPSC Internal Register Configuration 
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Functions differ tor CR2A and CR2B 
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CR8, CR9 


Registers for each channel are used in 
pairs: CR8A/CR9A; CR8B/CR9B 




CR10 






CR11 






CR12 


Tx/Rx BRG registers are loaded by 
setting bits and 1 of CR12 




CR13 






CR14 






CR15 




Status 
Registers 


SRO 
SR1 






SR2B 


No register SR2A 




SRS 






SR4A 


No register SR4B 




SRS, SR6, SR7 


No registers 




SRS 
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Registers for each channel are used in 
pairs: SR12A/SR13A: SR12B/SR13B 
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Figure 4. Control Register Bit Functions 
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Register 








1 


Register 1 
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Register 2 





1 


1 


Register 3 


1 








Register 4 


1 





1 


Register 5 


1 


1 





Register 6 


1 


1 


1 


Register 7 



Pointer 
Specifies 
the AMPSC 
Register to 
be Accessed 



No Operation 

High Pointer [Selects Registers 8-15] 
Reset EXT/Status Latches 
Channel Reset 

Enable INT on Next Rx Character 
Reset Tx INT/DMA Pending 
Error Reset 

End of Interrupt [Channel A Only] 



Initial INT 
Vector Value 



Control Register 3 



D7 


D6 


D5 


D4 


Da 


D2 


Dl 


Do 



No Operation 

1 Initialize Rx CRC Calculator 

1 Initialize Tx CRC Calculator 

1 1 Reset Tx Underrun/End of Message Bit 



Control Register 1 



Dj De Ds D4 D3 D2 Di Dq I 



-Receiver Enable 

-Sync Character Load Inhibit/ 

Multicast Enable 
-Address Search Enable 
-Rx CRC Calculator Enable 
-Enter Hunt Phase 
-Auto Enable Mode 



5 Bits/Rx Character 

1 7 Bits/Rx Character 

6 Bits/Rx Character 

1 8 Bits/Rx Character 



-External/Status INT Enable 
-Tx INT/DMA Enable 
-First Tx INT/DMA Enable 



Control Register 4 



Rx INT Disable 

1 Rx INT on First Rx Character 

1 Rx INT on Ail Rx Characters, 

Parity Error is Special Rx INT 
1 1 Rx INT on All Rx Characters, 

Parity Error is Not Special Rx INT 

-First Rx INT Mask 

-Overrun Error Special Handling 

-Short Frame Detect Enable 



D7 


D6 


D5 


D4 


D3 


D2 


Dl 


Do 



Control Register 2 [Channel A] 



D7 D6 D5 D4 D3 D2 D-i Dp I 



Parity Enable.^ 

Parity Even/Odd 

Sync Mode 

1 Async, 1 Stop Bit 

1 Async, 1.5 Stop Bits 
1 1 Async, 2 Stop Bits 



Both Channels INT 

1 Channel A DMA; CHB INT 

1 Both Channels DMA 

1 1 Reserved, [Use is Prohibited] 



«- INT Priority RxB > TxA/TxA > RxB 

Type A-1 INTAK Vector [8085 Master Mode] 

Type A-2 INTAK Vector [8085 Slave Mode] 

Type A-3 INTAK Vector 

[8085/8259 Slave Mode] 

Type B-1 INTAK Vector [8088/86 Mode] 

Type B-2 INTAK Vector 

[8088/86, 8259 Slave Mode] 

Reserved, [Use is Prohibited] 

Reserved, [Use is Prohibited] 

Reserved, [Use is Prohibited] 



MONO Sync Mode 

1 BISYNC Mode 

1 HDLC Mode 
1 1 External Sync Mode 

Data Clock is x1 Data Rate 

1 Data Clock is x16 Data Rate 

1 Data Clock is x32 Data Rate 
1 1 Data Clock is x64 Data Rate 
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-INT Status Affects Vector Value 
■Vectored INT Enable 



-Tx CRC Calculator Enable 

-RTS 

-CRC-16/CRC-CCITT 
-Transmitter Enable 
-Send Break/Abort 



5 Bits/Tx Character 

1 7 Bits/Tx Character 

6 Bits/Tx Character 

1 8 Bits/Tx Character 
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Figure 4. Control Register Bit Functions (cont) 
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-Bit 7 



Sync 
- Low Byte/ 
Address 



-BRG INT Enable 
-Idle Detect INT Enable 
-All Sent INT Enable 
-DCD INT Enable 
-Sync/Hunt INT Enable 
-CTS INT Enable 
-Tx Underrun/EOM INT Enable 
- Break/ Abort/GA INT Enable 



Control Register 7 
D7 Ds D5 D4 D3 D2 Di Do I 



Control Register 12 



-CRC Initial State 
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- Bit 9 
-Bit 10 
■Bit 11 
-Bit 12 
■Bit 13 
•Bit 14 
Bit 15 



Sync 

High Byte/ 
Flag 
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Do 



■Bit 0" 
■Bit 1 
■Bit 2 
- Bit 3 
■Bit 4 
■Bit 5 
-Bit 6 
■ Bit 7. 



Tx Data 
Length, 
Low Byte 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


Do 



- Bit 8 ' 
-Bit 9 
-Bit 10 
-Bit 11 
-Bit 12 
-Bit 13 
-Bit 14 
-Bit 15 



Tx Data 
Length, 
High Byte 



D7 


D6 


D5 


D4 
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D2 


Di 


Do 



-Sync Character 

Length 6/8 
-Auto Tx Enable/ 

Loop Enable 
-Abort on Tx 

Underrun 
-Mark Idle Enable 
-Auto Tx on Sync/ 

Tx on Loop 



NRZ Data Encoding 

1 NRZI Data Encoding 

FM1 Data Encoding 

1 FMO Data Encoding 



-Load Rx BRG 
-Load Tx BRG 
-Rx BRG INT Enable 
-Tx BRG INT Enable 



Reserved, [Must be 0] 



l- DPLL BRG Source Tx BRG/ Rx BRG 
— TRxC BRG Source Tx BRG/Rx BRG 



Control Register 13 
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-Enter Standby Mode 

-Tx Data Length Counter Enable 



Reserved, [Must be 0] 



Control Register 14 
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-Tx BRG Enable 

-Rx BRG Enab^_ 

- BRG Source: 5CtaT-STRxC/ System Clock 

- External Loop Enable 
-Loop Back Enable 












No Operation 
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DPLL Enter Search Mode 





1 
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1 


1 


DPLL Disable 


1 








DPLL Select BRG as Source 
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DPLL FM Mode 
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DPLL NRZI Mode 



Control Register 15 
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TRxC Source is XTAL 

1 TRxC Source is TxCLK 

1 TRxC Source is BRG Output 
1 1 TRxC Source is DPLL Output 

-TRxC is Output 



TxCLK Source is STRx C 
TxCLK Source is TRxC 
TxCLK Source is TxBRG Output 
TxCLK Source is DPLL Output 



RxCLK Source is STRx C 

1 RxCLK Source is TRxC 

RxCLK Source is RxBRG Output 

1 RxCLK Source is DPLL Output 



L-XTAL Oscillator Enable 
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Figure 5. Status Register Bit Functions 



Status Register 



Status Register 4A 
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D? 
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Dl 


Do 



-Rx Data Available 
-Sending Abort 
-Tx Buffer Empty 
-Short Frame Detected 
-Parity Error 
-Rx Overrun Error 
-CRC/Framing Error 
-End of Rx Frame 



Status Register 1 



D6 



D5 



D4 



D3 



D2 



D1 



Do 



Status Register 8 



-BRG Zero Count 
-Idle Detected 
-All Sent 
- DCD 
- Sync /Hunt 
-CTS 

-Tx Underrun/End of Message 
-Break/Abort/GA Detected 



Status Register 2B 



D7 De D5 D4 D3 D2 Di Do 



D? De D5 D4 D3 D2 Di Do I 

L 



Status Register 9 



VO/BO 
V1/B1 
V2/A2/B2 
V3/A3 
V4/A4 
V5 
V6 
V7 



Interrupt Vector 



Note: 

[1] Bits A4-A2 are modified if Type A Vectors are selected 
[2] Bits B2-B0 are modified if Type B Vectors are selected 
[3] If Status Affects Vector bit is set |CR2A Bit 6]: 



A3/B1 A2/B0 


1 

1 
1 1 



Condition 
Tx Buffer Empty 
External/Status 
Rx Data Available 
Special Receive 



Status Register 10 



A4/B2 = Indicates Channel B 
A4/B2 = 1 Indicates Channel A 



Status Register 3 



D7 De D5 D4 D3 D2 Di Dp I 



-Channel B External/ 

Status Interrupt Pending 
-Channel B Tx Interrupt Pending 
-Channel B Rx Interrupt Pending 
-Channel A External/ 

Status Interrupt Pending 
-Channel A Tx Interrupt Pending 
-Channel A Rx Interrupt Pending 
-Channel B Special Rx 

Interrupt Pending 
-Channel A Special Rx 

Interrupt Pending 
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-Reserved, State Unknown 
-Tx Synchronized/On Loop 
-Reserved, State Unknown 
-Reserved, State Unknown 
-Sending On Loop 
-Reserved, State Unknown 
■DPLL IVIissing Two Clocks 
-DPLL Missing One Clock 



- Bit 0~| 
■Bit 1 U 
-Bit2j 

-Rx BRG Count is Zero 
-Tx BRG Count is Zero 
-Reserved, State Unknown 
-Reserved, State Unknown 
-Reserved, State Unknown 



Residue Code 



Note: 

[1] Residue Codes that indicate No Residue: 

Bits per Data Byte Residue Code 

5 Bits/Character 10 

6 Bits/Character 

7 Bits/Character 1 1 

8 Bits/Character Oil 
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-BRG Interrupt Enabled 
-Idle Detect Interrupt Enabled 
-All Sent Interrupt Enabled 
-DCD Interrupt Enabled 
-Sync/Hunt Interrupt Enabled 
^CTS Interrupt Enabled 
-Tx Underrun/EOM 
Interrupt Enabled 
-Break/Abort Interrupt Enabled 
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Figure 5. Status Register Bit Functions (cont) 
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-Bit 14 
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Rx BRG Time 
Constant, High Byte 



-Bite " 
-Bit 9 
-Bit 10 
-Bit 11 
-Bit 12 
-Bit 13 
-Bit 14 
-Bit 15 



Tx BRG Time 
Constant, High Byte 



Control Register CRO 

CRC Control [ D7-D6] 

These bits are valid when the COP or BOP mode is 
selected. They are not used in the asynchronous mode. 

No Operation [00]. This command has no effect. 

Initialize Rx CRC Calculator [01]. This command 
initializes the receiver (Rx) CRC calculator. The com- 
mand should be issued before data reception starts. 
However, before this command is issued, the initial 
value of the Rx CRC calculator must be set by the value 
of CR10 bit D7. 

This command is not required in the BOP mode, since 
the CRC calculator is automatically initialized upon 
receipt of the flag value according to the value of CR10 
bit D7. 

Initialize Tx CRC Calculator [10]. This command 
initializes the transmit (TX) CRC calculator. It should 
be issued before data transmission is started. However, 
before the command is issued, the initial value of the Tx 
CRC calculator must be set by the value of CR10 bit D7. 

In the BOP mode, if CR10 bit D7 is set to one, the Tx 
CRC calculator is automatically initialized to one, 
when a flag value is loaded into the transmit shift 
register within the AMPSC. 

Reset Tx Underrun/EOM Bit [11]. This command 
resets SR1 bit D6 from one to zero (transmit un- 
derrun/end-of-message bit). If data is not loaded into 
the transmit buffer before the transmit shift register 
begins transmitting its last bit, the AMPSC enters the 



Tx Underrun/EOM state. At this point, the AMPSC 
checks to see if a CRC SYNC/Flag or abort is to be sent, 
which depends on the value of SR1 bit D6 and the 
operating mode. Therefore, SR1 bit D6 must be reset 
before transmission of the last byte starts. At the 
occurrence of Tx underrun, the CRC or the SYNC 
character/flag is sent when the SR1 bit D6 is a zero or 
one, respectively.SRI bit D6 is set when the CRC or 
SYNC/Flag byte is written to the Tx register by the 
AMPSC. 

In the BOP mode, bit D6 of SR1 is automatically set to 
zero when the first data byte of a frame is written into 
the AMPSC. 

Command [D5>D3] 

These bits control the state of the device. 

No Operation [000]. This command has no effect. 

High Pointer [001]. This command is used in conjunc- 
tion with CRO bits D2-D0 (Register Pointer) to access 
status registers 8 through 15. For example, to access 
SR11, bits D5-D0 of CRO are set to 001011. 

Reset E/S Bit Latches [010]. This Reset External/Status 
Bit Latch command is issued when an E/S bit (each bit 
of SRI ) latch operation has occurred. It opens the E/S 
latches and prepares for the latching of a new E/S bit 
status change. If E/S Interrupt is enabled, an E/S 
interrupt will occur and the latches will latch when an 
E/S bit's status changes. Not all state transitions will 
cause latching and an interrupt to occur. See the des- 
cription of SRI for details. New status will not be 
available in SRI until this command is issued. 
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Channel Reset [011]. This command resets an AMPSC 
channel. It performs a function similar to the RESET 
pin. Executing the channel reset command halts 
channel operation. After a channel reset, three system 
clock periods (tcv) should elapse before any further 
commands or data are sent to the channel. 

Enable Next Rx Character Interrupt [100]. This com- 
mand is valid only when the First Rx INT mode (CR1 
bits D4-D3 = 01 ) is selected. It is issued at the end of a 
message to request an additional Rx interrupt for the 
first received byte of the next message. The additional 
Rx interrupt occurs when the next data byte is received 
after the command is issued. 

This command has no effect when the First Rx INT 
mask is on (CR1 bit D5 = 1), even if the First Rx INT 
mode is selected. 

Reset Tx Interrupt/DMA Pending [101]. This command 
is used to clear a pending Tx interrupt request or Tx 
DMA request while the Tx buffer is empty (SRC bit 
D2 = 1). It is typically used to clear a Tx interrupt or 
Tx DMA request caused by the Tx buffer empty state 
that occurs after the last byte is written into the AMPSC. 

Error Reset [110]. This command is used to reset the 
pertinent bits (SRO bits D7-D3) if a Special Rx Condi- 
tion has occurred. If it occurs when the First Rx INT 
mode is selected, any data that is subsequently 
received is not transferred to the last stage of the 
AMPSC internal Rx buffer, but will remain in the first 
and second stages until this command is issued. 

End of Interrupt [111]. This command is used so that 
the AMPSC can recognize the end of interrupt service 
processing. It should be issued when interrupt service 
for the AMPSC is completed. Command execution 
resets the internal interrupt service latch and re- 
enables lower priority interrupt requests. This 
command is required when the start of interrupt 
service has been indicated by either conducting an 
INTAK cycle, or by reading SR2B. 

Register Pointer [D2- DO] 

These bits specify which AMPSC register number is to 
be accessed. The bits are reset to 000 when system 
reset is executed or when the AMPSC is accessed after 
a Register Pointer value is specified. For registers 
numbered 8 and above, the High Pointer command 
(D5-D3 = 001) is used inconjunction with the Register 
Pointer to access them. 



Control Register CR1 

Short Frame Detect [D7] 

Valid only in BOP mode, this bit detects short HDLC 
frames (frames that are less than 32 bits long). 

Short Frame Detect Disabled [0]. Short frame detec- 
tion is disabled. 

Short Frame Detect Enabled [1 ]. Short frame detection 
is enabled. If a short frame is received, SRO bit D3 
(Short Frame Detect) is set to 1, causing a Special Rx 
condition interrupt. 

Overrun Error INT [D6] 

This bit selects the timing of overrun error detection. 

Normal Mode [0]. In this mode, an overrrun error is 
indicated when the received data that caused the 
overrun error is transferred to the last stage of the 
receive buffer. A Special Rx Condition interrupt occurs 
at this time. 

Special Mode [1]. In this mode, the Rx Overrun Error 
bit immediately reflects an overrun error within the 
AMPSC. A Special Rx Condition interrupt also occurs 
at this time. The received data that caused the overrun 
error may not be the byte at the last stage of the 
RxFIFO. 

Receive Interrupt on First Character Mask [D5] 

This bit is enabled only if the First Rx INT mode (CR1 
bits D4-D3 = 01) is selected. It is used to mask Rx 
interrupts caused by received data. Setting this bit to 1 
causes all first receive interrupts to be masked. It does 
not mask Special Receive interrupts. It is used in data 
transfers when no interrupt service is desired or 
required, such as DMA only data transfer. 

Receive Interrupt Mode [D4-D3] 

These bits set the Rx INT mode. They specify the way 
received data is managed. 

Disable Mode [00]. This Receive Interrupt Disable 
mode is used to accept received data using status 
polling, or to disable the receive interrupt request. 

First Rx Character Mode [01]. In this mode, which is 
typically used with DMA data transfer, an Rx interrupt 
occursonly when the first byte is received. This occurs 
when Rx is enabled after initialization or after the 
Enable Next Received Character interrupt command is 
issued. 
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All Recelve-1 Mode [10]. This mode causes a receive 
interrupt to be generated for each byte received. In this 
mode, a parity error causes a Special Rx Condition 
interrupt. 

All Receive-2 Mode [11]. This mode is the same as All 
Receive-1, except that parity error does not cause a 
Special Rx Condition interrupt. 

First Transmit Interrupt/DMA Enable [D2] 

This bit determines whether a Tx INT/DMA request is 
generated immediately after the transmitter is enabled. 
It is valid when INT/DMA is enabled (CR1 bit D1 = 1). 

A transmit interrupt or DMA request is issued if bit D2 is 
1 when the transmitter is enabled, but not if the bit is 0. 
Regardless of the state of bit D2, an interrupt or DMA 
request is generated when the Tx buffer makes the 
full-to-empty transition. 

Transmit Interrupt/DMA Enable [D1] 

This bit enables the transmit Interrupt or DMA request. 
Each time a transmit interrupt condition exists and 
provided bit D1 is set, an interrupt or DMA request is 
generated. 

External/Status Interrupt Enable [DO] 

If bit DO is set, a change in state of the external/status 
bits causes an interrupt and the state of the bits is 
latched. The latqhes must be reset with the Reset 
External/Status Bit Latch command (CRO bits D5-D3), 
before subsequent interrupts can occur. 

Control Register CR2A 

Vectored Interrupt Enable [D7] 

This bit enables transmission of the interrupt vector. If 
the bit is set, the interrupt vector is placed on the data 
bus during the I NTAK cycle. If the bit is reset, the vector 
is never placed on the bus; It ca n be read by the host 
processor. In this mode, the INT signal is released after 
the host processor reads SR2B or clears the interrupt 
condition. 



Interrupt Status Affects Vector [ D6] 

This bit determines if the value of an interrupt vector is 
modified by the cause of interrupt. If the bit is set, the 
vector is modified as specified by bits D5-D3. If the bit 
is reset, the vector is not modified and the cause of 
interrupt must be determined by reading SRO and SR1. 

Interrupt Vector Mode [D5-D3] 

These bits determine the interrupt vector operation. 
The bits also select which bits of an interrupt vector are 
to be changed when the Status Affects Vector is set by 
CR2A bit D6. For details of how the vector is modified, 
refer to the description of register SR2B. Table 4 shows 
the vector operation determined by bits D5-D3. 

Interrupt Priority Select [D2] 

This bit selects the priority of interrupt requests within 
the AMPSC. The priority does not apply to DMA 
transfer. 

If bit D2 = 0, the priority from high-to-low is RxA, TxA, 
RxB, TxB. E/S A, E/S B. 

If bit D2 = 1, the priority from high-to-low is RxA, RxB, 
TxA, TxB, E/S A, E/S B. 

Interrupt/DMA Mode [D1-D0] 

These bits select the data transfer mode for each 
channel. The E/S, Rx, and Special Rx Condition 
interrupts can be enabled in both modes. The Tx 
interrupts are disabled on any channel in DMA mode. 
The three modes are as follows: 



Bits D1-D0 

00 
01 

10 



Mode 



Both channels interrupt 

DMA on channel A, interrupt on 

channel B 

DMA on both channels 



Control Register CR2B 

Bits D7-D0 of CR2B set the initial value of an interrupt 
vector. 
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TSib/e 4. Interrupt Vector Operation Throughout INTAK Sequence 



CR2A Data Bus Status (INTAK response of AMPSC) 



05 


04 


03 


Mode 


PRt 


INTAK Cycle 


07 


06 


05 


04 03 


02 


01 


00 











A1 


low 


1st. 
2nd. 

OlU. 


1 

V7 


1 

V6 
n 

u 




V5 

n 
u 


1 
M4 M3 



1 

M2 

n 
u 



VI 
n 

u 


1 

vo 

n 

u 










* 

high 
high 


1st. 
2nd. 
3rd. 


1 


1 





1 
High Impedance 


1 





1 








1 


1 




A2 
A3 


low 
low 


1st. 
2nd. 
3rd. 


V7 



V6 



V5 



High Impedance 
M4 M3 



M2 



VI 



vo 












high 
high 


1st. 
2nd. 
3rd. 








High Impedance 
High Impedance 
High Impedance 










1 


1 




1 




B1 
B2 


low 


1st. 
2nd. 


V7 


V6 


V5 


High Impedance 
V4 V3 


M2 


Ml 


MO 










high 


1st. 
2nd. 








High impedance 
High Impedance 









Notes: 

(t) * = Don't care. 

(2) When Status Affects Vector (bit 6 of CR2A) is set, the M data bits are modified to indicate the interrupt source. 

(3) Modes A3 and B2 ignore the state of PRI. They are slave modes for use with an interrupt controller such as the //PD71059. 



Enter Hunt Phase [D4] 

Valid In COP or BOP mode, this bit forces the AMPSC 
to enter the Hunt Phase. In the Hunt Phase, the 
/iPD72001 searches the received data stream for either 
a sync or flag before It begins loading data into the Rx 
FIFO. 



Receive CRC Calculator Enable [D3] 

Valid only in COP or BOP mode, bit D3 determines 
whether or not a CRC calculation is to be performed on 
the received data. The CRC is calculated 8 bit times 
after a byte Is transferred into the receive FIFO. If bit D3 
is reset before this time, the byte will not be included in 
the CRC calculation. The bit must be set again after the 
next byte Is received to resume the CRC calculation. 

Address Search Mode Enable [D2] 

Valid only in BOP mode, bit D2 determines whether or 
not the address field value of a received frame is to be 
compared with the value set in CR6. If the bit is set to 
one, Address Search is enabled and the AMPSC 
checks the first byte of the frame. If the byte matches 
CR6 or the global address (FFH), the frame is received. 
If the byte does not match, the AMPSC enters the Hunt 
mode again, and the byte and the rest of the frame are 
blocked and not received, if Multicast mode is enabled 
(bit D1), only the four most significant bits (D7-D4) of 
the address byte are compared. 
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Control Rogister CR3 

Receive Character Bit Length [D7-D6] 

These bits determine the number of bits per character 
in the received data. 

Bits D7-D6 Bits/Character 



00 5 

01 7 

10 6 

11 8 

Auto Enable Mode [D5] 

Bit D5 enables and disa bles t he auto enable mode. In 
this mode, the CTS and DCD pins control operation of 
the transmitter and receiver, respectively, if t he in put 
pin is high, the Tx or Rx is disabled. The RTS pin 
outputs the current transmitter status. The pin remains 
low during transmission and returns high only after all 
characters have been sent. The auto enable mode is 
enabled by setting bit D5 to one a nd disabled by 
resetting bit D5 to zero. With bit D5 == 0, CTS, DCD, and 
RTS function as normal inputs and outputs. 
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Sync Character Load Inhibit/Multicast 
Enable [D1] 

Valid only in COP or BOP mode, bit D1 has a different 
meaning in each mode. In COP mode, setting bit D1 to 
one enables the Sync Character Load Inhibit function. 
This prevents any byte that matches the value in CR6 
from being loaded into the receive FIFO and being 
included in the CRC calculation. 

In BOP mode, bit D1 enables the Multicast function. In 
this mode, which is a modified form of the address 
search mode, only the most significant four bits of the 
received address are compared with the identical bits 
of CR6. Frame acceptance will function in the same 
way as in the address search mode. 

Receiver Enable [DO] 

This bit enables and disables the receiver. Setting bit 
DO enables the receiver, resetting it disables the receiver. 

Control Register CR4 

Clock Rate [D7-D6] 

Bits D7 and D6 select the clock rate divisor. They are 
ignored in the internal synchronous modes. In the 
external synchronous mode, only the x1 and x16 
selections are valid. 

In asynchronous mode, the following values apply: 
Bits D7-D6 Divisor 



00 
01 
10 
11 



x1 
x16 
x32 
x64 



The divisor value is the factor by which the supplied 
data clock is greater than the data rate for the transmitter 
and receiver. The data clock source is selected by the 
clock multiplexer. It can be set to any of the BRG, 
DPLL, or external clock sources. The divisor determines 
the number of times that the received data is sampled 
per bit time by the receiver. Also, it determines the 
composition of the transmitter output. 

Protocol Mode [D5-D4] 

Bits D5-D4 select the synchronous protocol, which are 
used when synchronous mode is selected with bits 
D3-D2. 



Bits D5-D4 

00 
01 
11 
10 



Mode 



Mono-Sync, character synchronous 
Bisync, character synchronous 
External Sync, character synchronous 
HDLC, bit synchronous 



Tx Stop Bits/Sync Mode [D3-D2] 

Bits D3-D2 select the number of stop bits sent after 
each byte in Asynchronous mode, or they select the 
Synchronous mode. 

Bits D3-D2 



Mode 



00 
01 
10 
11 



Sync mode 

Async mode, 1 stop bit 
Async mode, 1.5 stop bits 
Async mode, 2 stop bits 



Parity Select [D1] 

Valid in Asynchronous and COP modes, bit D1 selects 
the parity type: = odd and 1 = even. It is used only 
when the Parity Enable bit DO of CR4 is set to one. 

Parity Enable [DO] 

Bit DO enables the parity bit calculation on transmitted 
data and parity checking on received data. Setting bit 
DO enables parity; resetting bit DO disables parity. If the 
length of the received character is 7 bits or less, the 
parity bit can be read in the received data byte. If parity 
is disabled, no parity bit is transmitted and none is 
expected on receipt. 

Control Register CR5 



DTR Control [D7] 

This bit c ontro ls the DTR pin status: = high and 1 = 
low. The DTR pin function is disabled if channel B is 
operating in the DMA mode (CR2A bits D1-D0 = 10) 

Transmit Character Bit Length [D6-D5] 

These bits specify the bit count per character in 
transmitted data. 



Bits D6-D5 

00 
01 
10 
11 



Bits/Character 

5 or fewer 
7 
6 
8 



If the bit count per character is 6 or 7, only the low-order 
bits of the byte are valid and the most significant bit(s) 
are ignored. If the count is 5 bits or lower when writing 
into the transmit data register, refer to the data format 
that is shown in table 5. 
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Table 5. Parallel Data Format for One to Five Bits per 
Character 



Bits 


D7 


D6 


D5 


D4 


03 


02 


01 


00 


1 


1 


1 


1 


1 











DO 


2 


1 


1 


1 











D1 


DO 


3 


1 


1 











D2 


D1 


DO 


4 


1 











D3 


D2 


D1 


DO 


5 











D4 


D3 


D2 


D1 


DO 



Dn = Effective data bit 



Send Break/Abort [D4] 

Bit D4 controls the break or abort transmission 
according to the selected operation mode. In asynch- 
ronous mode, bit D4 controls sending the break signal 
(TxD set to spacing (0) condition). Setting bit D4 to one 
begins sending the break signal; resetting it to zero 
returns the transmitter to normal operation. 

In COP mode with Tx on Loop selected (bits 4 and 1 in 
CR10), setting bit D4 causes the transmitter to be 
synchronized with the receiver. The bit is reset auto- 
matically when synchronization is achieved. 

In BOP mode, setting bit D4 to one causes eight 1-bits 
(abort sequence) to be sent. After completion of the 
message, bit D4 is reset automatically and the trans- 
mitter returns to the idle state. 

Transmit Enable [D3] 

Disable. Setting bit D3 to the zero state disables the 
transmitter function. If the transmitter is currently 
sending a character, the AMPSO waits until the 
character is completed before setting TxD to the 
marking (1) state. If bit D3 is reset during transmission 
of a ORG character, a SYNC character or flag is sent in 
place of the CRC character. 

If D3 is reset in the COP or BOP mode, the Tx 
Underrun/EOM bit (SR1 bit D6) is set. 

If the AMPSC is in the SDLC Loop mode (refer to CR10) 
or Echo Loop Test (refer to CR14), the TxD pin is 
connected to RxD, and is not set to marking. 

Enable. Setting bit D3 to the one state enables the 
transmitter to start transmission. If the Auto Enable 
mode is selected (CR3 bit D5 = 1 ), the signal applied to 
the CTS pin controls the transmitter operation. 

CRC Polynomial [D2] 

This bit selects the polynomial used for CRC calcu- 
lation. It is valid only in COP or BOP mode. Only the 
CCITT polynomial is used in BOP mode. Bit 7 of CR10 
sets the initial value of the CRC calculator. 



D2 = (CRC-CCITT): The generating polynomial 
expression is X^e + + + 1 . 

D2 = 1 (CRC-16): The generating polynomial ex- 
pression is X^e 4- X12 + x2 -h 1. 

RTS Control [D1] 

Bit D1 contr ols th e RTS pin. Setting bit D1 to the zero 
state causes RTS to be high, setting it to the one state 
causes it to go low. If Auto Enable mode is selected in 
Asynchronous mode, RTS operates differently. If the 
bit remains at zer o fro m the start of transmission 
through to the end, RTS will stay high. If it is set to one, 
it remains low. If it start s set to one and is then set to 
zero while transmitting, RTS will not go high until all 
data is transferred out of the Tx shift register. 

Transmit CRC Calculator Enable [DO] 

Valid only in the COP or BOP mode, bit DO determines 
whether or not transmitted data is included in the CRC 
calculation. If bit DO is set when the byte Is transferred 
into the Tx shift register, the byte is included in the Tx 
CRC calculation. Bit DO should be set or reset before 
loading a data byte into the AMPSC. 

Control Register CR6 

Valid only in the COP or BOP mode, this byte (bits 
D7-D0) specifies the SYNC character pattern or address 
value. 

In Monosync or External Sync mode, D7-D0 holds the 
transmit Sync character. In Bisync mode, the low-order 
byte of the Sync pattern is set in D7-D0. 

If the sync character is 6 bits (CR10 bit DO = 1), bits 
D3-D0 should be set to one. 

In mono or external sync bits D1 and DO are repeated in 
positions D7 and D6. 

In BOP mode, this byte is the secondary address. 
Control Register CRT 

Valid only in the COP or BOP mode, these bits specify 
the Sync character or flag. 

In Monosync mode, D7-D0 holds the receive Sync 
character. In BISYNC mode, the high-order byte of the 
Sync character is set in D7-D0. These bits are not used 
in External Sync mode. 

In BOP mode, the flag pattern (01111110) is set in bits 
D7-D0. 
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Control Register CR8 

Valid only in the BOP mode, CR8 bits D7-D0 hold the 
low byte (bits 7-0) of the transmit data length. Register 
pair CR8 and CR9 must be set before the Tx Data 
Length Counter Enable bit (D1 of CR13) and Tx Enable 
bit (D3 of CR5) are set. The transmit data length 
register (TxDLR) is used to automate the sending of 
HDLC frames. See the description of CR13 for detail 
information. 

Control Register CR9 

Valid only in the BOP mode, CR9 bits D7-D0 hold the 
high byte (bits 15-8) of the transmit data length. 
Register CR9 is paired with CR8. 

Control Register CR 10 
Initial CRC State [D7] 

Valid only in the COP or BOP mode, bit D7 specifies the 
initial state of the CRC calculation circuit. Setting this 
bit to zero causes the CRC to be initialized to zero when 
the Initialize CRC command (CRO bits 7-6) is performed. 
Setting this bit to one causes the CRC to be set to all 
ones. 

Data Format [D6-D5] 

These bits specify the serial data format and enable the 
corresponding encoder/decoder. 

Bits D6-D5 Format 

00 NRZ 

01 NRZI 

10 FM1 

11 FMO 

With NRZ format, it is possible to decode Manchester 
encoded data by setting the DPLL mode to FM (CR14 
bits D7-D5 = 110). 

Auto Tx on Sync/Tx on Loop [D4] 

Bit D4 is valid only in the COP or BOP mode. In COP 
mode, it synchronizes the receiver with the transmitter. 
In BOP mode, it controls SDLC loop operation. The bit 
is valid only when the Loop Enable state (CR10 bit 
D1 = 1) is selected. 

In COP mode, bit D4 provides the Auto Tx on Sync 
function to synchronize receiver and transmitter 
operation. 

(1) 04 = 0. The Auto Tx on Sync function (CR10 bit 
D1 = 1) is disabled. Once synchronization is 
established after this bit is set to 1, resetting the bit 
to does not affect synchronization. 



(2) D4 = 1. If bit D1 (Loop Enable) is also set to one, 
the transmitter is disabled and the receiver enters 
the Hunt Phase. When the SYNC character is 
detected, character synchronization is established, 
the transmitter is enabled, and data transmission 
can begin. The state of character synchronization 
can be determined from the state of the Tx Sync/ 
GA Detect bit (SR10 bit D1). 

In BOP mode, bit D4 set to one enables or bit D4 set to 
zero disables the Tx on Loop function. It is used for 
data transmission during the SDLC loop operation. 

(1) D4 = 0. Once the AMPSC forms a loop and starts 
transmission, bit D4 must be reset to zero. This 
allows the CRC and flag to be automatically trans- 
mitted if a Tx Underrun/EOM occurs and allows the 
AMPSC to be subsequently placed in Loop mode 
with a 1-bit delay. Bit D4 must be reset before the 
CRC transmission is completed. 

(2) D4 = 1 . When the Loop Enable bit (CR10 bit D1 ) is 
set to one, SDLC Loop Operation mode is selected, 
in which the RxD input is connected to the TxD 
output within the AMPSC to form a loop. The GA 
(Go Ahead) pattern detection is initiated. If the GA 
pattern (11111110 = FEH) is detected, a 1-bit delay 
is inserted between RxD and TxD and the GA 
pattern detection is continued. At this point, the 
transmitter remains disabled. The receiver can be 
enabled at this point. Subsequently, if the GA 
pattern is detected, the transmitter is enabled. At 
this point, the GA pattern is automatically trans- 
formed into a flag so that any data in the Tx buffer 
may be transmitted following the flag. Once trans- 
mission is started, bit D4 must be reset before the 
end of the frame. 

Idle Condition [D3] 

Valid only in BOP mode, bit D3 determines the type of 
information to be transmitted following a closing flag 
or completion of the Send Abort. If bit D3 is zero, flags 
will be sent; if it Is a one, continuous marks (ones) will 
be sent. 

Transmit Condition on Underrun [D2] 

Valid only in the BOP mode, bit D2 determines trans- 
mitter action when a Tx Underrun condition occurs. If 
bit D2 is reset, Tx Underrun/EOM generates either the 
CRC followed by a flag or just a flag depending on the 
state of the Tx Underrun bit (SRI bit D6) and the CRC 
enable bit (CR5 bit DO). If the CRC is disabled or the Tx 
underrun bit is a one, only flags are sent. Otherwise, 
the CRC is sent followed by flags. If bit D2 is set, the 
abort message is sent followed by flags. 
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Auto Tx/Loop Enable [D1] 

Valid only in the COP or BOP mode, bit D1 enables the 
two types of loop operations that are set with bit D4. 
This bit should be set before the transmitter or receiver 
is enabled. 

SYNC Character Length [DO] 

Valid only in the COP mode, bit DO determines the 
number of bits per SYNC character. Setting bit DO to 
zero gives a character length of 8 bits in Mono-sync 
and 16 bits in Bisync. With bit DO = 1, the character 
lengths are 6 and 12 bits, respectively. 

Control Register CR1 1 

Each bit of CR11 controls an E/S interrupt request 
generated by the AMPSC. An interrupt is set if the E/S 
interrupts are enabled (CR1 bit DO = 1). For the causes 
of Interrupts assigned to each, refer to the description 
of SR1 . Setting each bit to one enables it as a source of 
interrupts. 

Break/Abort/Go Ahead Interrupt Enable [D7] 

In Asynchronous and COP modes, bit D7 enables 
interrupts at the beginning and end of each detected 
break condition (a null character plus a framing error). 

In BOP mode, when not in SDLC loop, bit D7 enables 
interrupts at the beginning and end of each received 
abort condition (seven or more consecutive 1-bits). In 
SDLC loop mode, bit D7 also enables interrupts for 
detecting the GA pattern (11111110 = FEH). 

Transmitter Underrun/End of Message Interrupt 
Enable [D6] 

Valid only in the COP or BOP mode, bit D6 enables 
interrupts caused by transmitter underrun and Tx End 
of Message detection. 



Clear to Send Interrupt Enable [D5] 

Bit D 5 enables interrupts caused by a change of state 
on the CTS pin. 

SYNC/Hunt Interrupt Enable [04] 

Bit D4 enables interrupts caused by a change in the 
SYNC/Hunt state. 

Data Carrier Detect Interrupt Enable [ D3] 

Bit D3 enables interrupts caused by a change of state 
on the DCD pin. 



All Sent Interrupt Enable [D2] 

Valid only in the Asynchronous or BOP mode, bit D2 
enables interrupts generated by the All-Sent condition. 

Idle Detect Interrupt Enable [D1] 

Valid only in the BOP mode, bit D1 enables interrupts 
caused by a change In the Idle Detection condition. 

BRG Interrupt Enable [DO] 

Bit DO enables interrupts caused by one of the baud 
rate generator/timers (BRG) counting down from one 
to zero. Also, each of the BRGs must be enabled in 
CR12 bits D3-D2. 

Control Register CR1 2 

BRG Select for TRxC [D7] 

When BRG is selected as the source of the clock at the 
TRxC pin (CR15 bits D1-D0 = 10), and the TRxC pin is 
set to output (CR15 bit D2 = 1), bit D7 selects TxBRG 
(one state) or RxBRG (zero state). 

BRG Select for DPLL[D6] 

Bit D6 selects the source (TxBRG or RxBRG) for the 
DPLL. It is valid when the BRG is selected as the source 
for the DPLL circuit (CRM bits D7-D5 = 100). Setting 
bit D6 to one selects TxBRG and setting it to zero 
selects RxBRG. 

Transmit BRG Interrupt Enable [D3] 

Bit D3 enables an E/S interrupt when the TxBRG 
counts down from 1 to 0. It is valid only when the BRG 
IE bit is set (CR11 bit DO = 1). 

Receive BRG Interrupt Enable [D2] 

Bit D2 enables an E/S interrupt when the RxBRG 
counts down from 1 to 0. It is valid only when the BRG 
IEbitisset(CR11 bit DO = 1). 

Transmit BRG Register Set [D1] 

Bit D1 is used to write the time constant value into the 
TxBRG register. When D1 is set to one, the next two 
bytes written to the AMPSC are assumed to be the time 
constant value. The lower byte is written in the first 
write cycle and the upper byte in the second write 
cycle. Bit D1 is automatically reset after the register is 
loaded. 

The time constant value is calculated by using the 
follovying formula, 

^. ^ Source clock frequency (Hz) ^ 

Time constant = — — - 2 

2 X (Data clock rate (BPS)) 
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The data clock rate is the transmitted or received data 
rate multiplied by the clock factor specified in CR4bits 
D7-D6.For example, if the system clock is selected as 
the BRG source (CRM bit D2 = 1) at 8 MHz and the 
BRG is the transmitter source (CR15 bits D4-D3 = 10) 
with a clock factor of x16 (CR4 bits D7-D6 = 01) and 
data rate of 9600 bits per second, the calculation would 
be as follows. 



8x106 



2 X (9600 X 16) 



-2 = 24.04 = 0018 (hex) 



The loading sequence in hexadecimal for the TxBRG 
would be; OC, 02, 18, and 00. 

If data is being written while the BRG is running, the 
value will not be loaded into the BRG until it counts 
down to zero. 

Receive BRG Register Set [ DO] 

Bit DO is used to write the count value into the RxBRG 
register. It operates in the same manner as bit D1 for the 
TxBRG register. 

Control Register CR 13 

TVansmit Data Length Counter Enable [D1] 

Bit D1 enables the transmit data length counter 
(TxDLC) that is used to determine the end of a trans- 
mitted frame and is only valid in BOP mode. When bit 
D1 is set to one, the TxDLC (SR8-SR9) is incremented 
each time a Tx interrupt or DMA request is generated, 
and the value is compared with the value in the transmit 
length register (TxLR) (CR8-CR9). If the two values are 
equal, Tx interrupts/DMA requests are masked. 

The subsequent Tx buffer empty interrupt is masked 
and no interrupt or DMA request is made. This results 
in a transmitter underrun. The AMPSC then sends the 
CRC and a closing flag. After this the AMPSC issues an 
external status interrupt with the All Sent bit set.lf the 
transmitter underruns and the transmit length values 
do not match, then the MPSC sends an abort and sets 
the Sending Abort bit (SRO bit D1 ). An E/S interrupt for 
the All Sent is generated. The TxLC value (SR8-SR9) 
can also be compared with the frame length to 
determine if correct transmission occurred. After the 
abort is sent, the TxDLC enable bit must be set to one 
again in order to generate new Tx interrupts/DMA 
requests. 

Standby Mode Set [DO] 

Setting bit DO to one places the AMPSC in the Standby 
mode. This mode consumes very little power but saves 
all internal register values. Greater power reduction is 
possible by not toggling any of the AMPSC inputs. In 



this mode, the system clock (CLK) and the data clocks 
are not circulated within the AMPSC. 

The AMPSC enters the Standby mode automatically 
after RESET. Writing OOH to CRO restores normal 
operation. Table 6 lists the status of the pins in standby 
mode. 

During Standby mode, the W r and RD pins must be 
held high and the CTS, DCD, and SYNC pins can not be 
toggled. Read cycles that are conducted will not result 
in data being driven onto the bus. 

Table 6. Pin Status in Standby Mode 



Pin Sumhnl 

1 III oyiiiuui 


Inniit/fliitniit 

lll|IUI/ wlll|IUI 


Pin Status 

1 III OIQIUO 


Wr 


Input 


llnrh;innprl 

^1 Ivl ICII l^uvl 


RD 


Input 


1 Inrh^innprl 


BM 




1 InrhsinnpH 


C/D 


inpu!^ 


1 inphannpfi 




Inniit/niitniit 


Hinh imnpHanrp 
riiyii iiiipcuaiiov/ 


INT 


Outnut 


Rptfiin^ thp nirrpnt <%t;itfi 


INTAK 


Input 


Unchanged 


PRI 


Input 


Unchanged 


PRO 


Output 


Depends on PRI 


DRQTxA 


Output 


Retains the current state 


DRQRxA 


Output 


Retains the current state 


DTRA/DRQTxB 


Output 


Retains the current state 


DTRB/DRQRxB 


Output 


Retains the current state 


TxDA.TxDB 


Output 


Retains the current state 


RxDA, RxDB 


Input 


Unchanged 


TRxCA, TRxCB 


Input/Output 


High impedance 


STRxCA, XI1A 


Input 


Unchanged 


STRxCB, XII B 


Input 


Unchanged 


XI2A/SYNCA 


Input/Output 


High impedance 


XI2B/SYNCB 


Input/Output 


High impedance 


RTSA, RTSB 


Output 


Retains the current state 


CTSA.CTSB 


Input 


Unchanged 


DCDA.DCDB 


Input 


Unchanged 



Control Register CR14 

DPLL Command [D7-D5] 

These bits control the digital phase-locke d loop 
(DPLL). After reset, the DPLL is disabled, the STRxC 
pin is selected as the source clock, and the NRZ1 mode 
is selected. The DPLL commands corresponding to the 
eight states of bits D7-D5 are described below. 

No Operation [000]. This command causes no opera- 
tion. 
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Enter Search [001]. This command causes the DPLL 
to start the detection of edges in received data. Circuit 
operation depends on the data format. 

Reset Missing Clocic [010]. Valid when FM mode is 
selected, this command resets the Missing Clock bits 
(SR10 bits D7-D6). 

Disable [Oil]. This command stops DPLL operation 
and resets the Missing Clock bits. 

Source BRG Select [100]. This command select? one 
BRG as the clock source for the DPLL. Selection of 
TxBRG or RxBRG is determined by CR12 bit D6 (BRG 
Select for DPLL). 

Source Xtal/STRxC Select [101]. This command is 
used when th e crystal -controlled oscillator or a clock 
applied to the STRxC pin is to be the source clock for 
the DPL L. Selection between the crystal CSC and the 
STRxC input is specified by CR15 bit 07 (Xtal Select). 

FM Mode [110]. This command is used when received 
data is to be treated as FM format. Setting the data 
format to NRZ (CR10 bits D6-D5 = 00) allows the 
//PD72001 to decode Manchester encoded data. 

NRZI Mode [111]. This command is used when re- 
ceived serial data is to be treated as NRZI format. 

Local Self Test [ D4] 

When bit D4 is set to one, the transmitter output is 
directly connected to the input of the receiver within 
the AMPSC. Signals applied to the RxD pin will be 
ignored. In this mode, Autoenable cannot be used to 
control the transmitter or receiver. 

Echo Loop Test [D3] 

When bit D3 is set to one, the RxD input pin is 
connected tothe TxD output pin in the AMPSC, so that 
the i'eceivecl data is echoed back to the remote sender 
for line testing. The AMPSC transmitter is disabled. 

BRG Source Select [D2] 

Bit D2 selects the source clock for the BRGs. The 
selected source clock is shared by the TxBRG and the 
RxBRG. If D2 is set to one, the system clock is used as 
the source clock. If D2 Is set to zero, the source clock 
can either b e the crystal oscillator (CR15 bit 07 = 1) or 
the STRxC input (CR15 bit D7 = 0). 

Receive BRG Enable [D1] 

Setting bit D1 to one starts the RxBRG, which takes two 
clocks to begin operating. 



Transmit BRG Enable [DO] 

Setting bit DO to one starts the TxBRG, which takes two 
clocks to begin operating. 

Control Register CR1 5 

Crystal Select [D7] 

If bit 07 is set to one, the on-chip crystal oscillator is 
enabled and a crystal can be connected across pins XI1 
and XI2. If bit 07 is zero , th e oscillat or is disabled and 
the pins become SYNC and STRxC. 

Receive Clock Select [D6-P5] 

These bits select the source for the receive data clock. 



Bits D6-D5 Receive Clock Source 

00 Clock applied to STRxC pin 

01 Clock applied to TRxC pin (CR15 . 
bits D2-D6 are invalid) 

10 RxBRG output 

11 DPLL output 

Transmit Clock Select [D4-D3] 

These bits select the source for the transmit data clock. 
Bits D4-D3 Transmit Clock Source 

00 Clock applied to STRxC pin 

01 Clock applied to TRxC pin (CR15 
bits D2-D0 are invalid.) 

10 TxBRG output 

11 DPLL output 



TRxC Input/Output [D2] 

Bit D2 determines whether the TRxC pin will be an 
input or an output. It is an input if bit D2 = or if the pin 
is specified as an input by bits D6-D5 or D4-D3. 



TRxC Source Select [D1-D0] 

When the TRxC pin is selected as an output, these bits 
determine the output source. Refer to the preceding 
descripti ons for D6-D5, D4-D3, and D2 to determine 
when the TRxC pin is an output. 



Bits D1-D0 Output at Pin TRxC 

00 On-chip crystal oscillator 
(if enabled) 

01 Transmit data clock 

10 TxBRG or RxBRG as selected by 
CR12 bit D7 

11 DPLL output 
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Status Register SRO 

End of Frame [D7] 

Valid only in the BOP mode, bit D7 indicates if reception 
of a single frame is complete. When this bit is one, a 
complete frame has been received and the CBC Error 
bit (SRO bit D6) and Residue Code (SR3 bits D2-D0) are 
valid. The EOF condition causes a Special Rx Condition 
interrupt. The Error Reset command resets this bit. 

CRC/Framing Error [D6] 

In the asynchronous mode, bit D6 indicates a framing 
error. It is set to one if a zero is detected at the stop bit 
position. It generates a Special Rx Condition interrupt. 
Bit D6 is reset by an Error Reset command or reception 
of a normal data byte. 

In the COP or BOP mode, bit D6 set to one indicates a 
CRC error. Bit D6 set to zero indicates no CRC error. 

In the COP mode, bit D6 is valid 20 bit times subsequent 
to the last bit of the second CRC byte that is input at the 
RxD pin, or 16 bit times after the second CRC byte is 
transferred to the Rx buffer. 

In the BOP mode, bit D6 is valid when the End-of- 
Frame bit (SRO bit D7) is set to one. 

A CRC error does not generate a Special Rx Condition 
interrupt. 

Receive Overrun Error [D5] 

A one in bit D5 indicates an Rx Overrun error. This error 
occurs each time the AMPSC attempts to transfer an 
additional byte from the Rx shift register to the Rx FIFO 
and the FIFO is already full. 

An Rx Overrun error causes a Special Rx Condition 
interrupt. The timing of the Rx Overrun Error and the 
resulting Special Rx Condition interrupt will differ 
depending on the setting of the Overrun Error INT bit 
(CR1 bit D6). For more details, refer to the description 
of control register CR1. 

The Rx Overrun Error bit is reset by the Error Reset 
command. 

Parity Error [D4] 

Valid only in the Asynchronous or COP mode when 
parity is enabled (CR4 bit DO = 1). A one in bit D4 
indicates that a parity error occurred in a received byte. 
The Parity Error bit is reset by the Error Reset command. 

In the All Receive I NT-1 mode (CR1 bits D4-D3 = 10),a 
parity error causes a Special Rx Condition interrupt. 



Short Frame Detect [D3] 

Valid only in the BOP mode when Short Frame Detect 
Enable is selected (CR1 bit D7 = 1 ), bit D3 is set when a 
short frame is received and is reset by the Error Reset 
command. A short frame has less than 32 bits between 
two flags. 

Detection of a short frame causes a Special Rx 
Condition interrupt. 

Transmit Buffer Empty [D2] 

A one in bit D2 indicates that the Tx buffer is empty and 
can be loaded with the next Tx byte. Bit D2 is zero when 
the Tx buffer contains a byte that has not been 
transferred to the Tx shift register. Bit D2 is also zero in 
the COP or BOP mode during CRC transmission. 

Sending Abort [D1] 

Valid only in the BOP mode, a one in bit D1 indicates 
that the AMPSC is sending an abort sequence. 

Bit D1 is reset by the Error Reset command. Status 
changes in bit D1 do not cause an interrupt. 

Receive Data Available [DO] 

A one in bit DO indicates the presence of valid received 
data in the Rx buffer of the AMPSC. 

Status Register SRI 

This register consists of external status bits that 
indicate the causes of E/S interrupts. If the E/S INT is 
enabled (CR1 bit DO = 1) and an interrupt by an 
specific E/S bit is enabled, the changes in the pertinent 
E/S bit states are latched and cause an E/S interrupt. If 
the E/S interrupt is disabled, changes in the E/S bit 
status will not be latched. 

Break/Abort/Go Ahead Detect [D7] 

Bit D7 is valid only in the Asynchronous or BOP mode. 
In the Asynchronous mode, a one in bit D7 indicates 
that a Break (character in which the start, stop, and 
data bits are all zeros) has occurred. Data received 
during the Break (all zeros) are not loaded Into the Rx 
FIFO. 

In the BOP mode, bit D7 indicates the reception of an 
abort (seven or more consecutive ones). In SDLC Loop 
mode, bit D7 indicates reception of the Go Ahead 
message (11111110 = FEH). 
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Transmit Underrun/End of Message [D6] 

Valid only in the COP or BOP mode, a one in bit D6 
indicates that all transmit data has been transferred 
to the Tx shift register. ORG transmission, when the 
transmitter underruns, can be controlled by mani- 
pulating this bit. 

If ORG transmission is desired when the transmitter 
underruns, bit D6 must be reset to zero by the Reset Tx 
Underrun/EOM command bit (GRO bits D7-D6 = 11). 
Before this command is issued, the transmitter must be 
enabled and at least one byte must have been trans- 
ferred to the Tx buffer. 

In the BOP mode, bit D6 is automatically reset to zero 
when the first byte is transferred after transmission is 
enabled. A status change from one to zero in this bit 
does not cause an E/S interrupt. 

Clear To Send [D5] 

Bit D5 indicates the inverted state of the GTS pin. Any 
change causes an interrupt. 

Sync/Hunt [D4] 

In the Asynchronous or external sync GOP mode, bit 
D4 indicates the inverted state of the SYNG pin. 

In the internal sync GOPor BOP mode, bit D4 indicates 
the AMPSG synchronization state. A zero in bit D4 
indicates that synchronization is established. A one 
indicates that the AMPSG is in the Hunt Phase or that 
the receiver is disabled. 

Any change in state generates an interrupt. 
Data Carrier Detect [D3] 

Bit D3 indicates the inverted state of the DCD pin. Any 
change generates an interrupt. 

All Sent [D2] 

Valid only in the Asynchronous or BOP mode. Bit D2 
set to one indicates that all the transmit data within the 
AMPSG has left the Tx shift register. The one to zero 
state transition of this bit does not generate an interrupt. 



Idle Detect [D1] 

Bit D1 set to one indicates detection of the Idlestate (15 
or more consecutive 1 's) in BOP mode. The one to zero 
state transition of this bit does not generate an interrupt. 

BRG Zero Count [DO] 

Bit DO set to one indicates that one of the BRG's has 
counted down to zero. Bits D4-D3 of SR3 determine 
which BRG counted out. The one to zero state transition 
of this bit does not generate an interrupt. 

Status Register SR2B 

This register indicates the value of the interrupt vector. 
It can only be read from the B channel. The value 
depends on the state of GR2A bit D6 (Status Affects 
Vector bit). If bit D6 is zero, SR2B will always equal 
GR2B. If bit D6 is one, the value of SR2B is modified by 
the cause of the highest priority interrupt source within 
the//PD72001. 

The bits of SR2B that are affected depend on the 
Output Vector Type setting. Bits V4-V2 are affected for 
Type A vectors, and bits V2-V0 for Type B vectors. All 
other bits remain unchanged. Table 7 gives the value 
returned for the various types of interrupts. 



7ad/e Z Vector Values in SR2B 



V4. V2 


V3. VI 


V2, VO 


Channel 


Condition 











B 


Tx buffer empty 








1 




External/status 





1 







Rx data available 





1 


1 




Special Rx condition 


1 








A 


Tx buffer empty 


1 





1 




External/status 


1 


1 







Rx data available 


1 


1 


1 




Special Rx condition 



When interrupts are available in the non-vectored 
mode (GR2A bit D7 = 0), SR2B is read in order to 
indicate to the //PD72001 that interrupt service has 
started. This clears the interrupt request (INT) and 
prevents lower priority interrupts from being generated 
until the End of Interrupt command (GRO) is issued. 
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Status Register SR3 

TxBRG Zero Count [D4] 

Bit D4 is valid when TxBRG is enabled (CR14 bit DO = 
1). A one in bit DO indicates that the TxBRG counted 
down to zero. This bit in conjunction with the SR1 bit 
DO, causes an external/status interrupt and is latched 
on a transition from zero to one. The transition from 
one to zero does not cause an interrupt. 

RxBRG Zero Count [D3] 

Bit D3 is valid when RxBRG Is enabled (CR14 bit D1 = 
1). A one in bit D3 indicates that the RxBRG counted 
down to zero. This bit functions in the same manner as 
bitD4. 

Residue Code [D2-D0] 

Valid only in the BOP mode, bits D2-D0 indicate the 
number of valid bits in the last data byte received in a 
frame. The meaning of these bits depends on the 
number of bits per data byte. The previous character 
refers to the last character read before the end of 
frame, and so on. See Table 8. Figure 6 is an example of 
a residue code of 000 and a character length of 8 bits. It 
indicates that bits zero and one in the last byte are 
valid. 

Figure 6. Example of Valid Bits in ffie l-Fieid (Residue 
Code = 000) 



Table 8. Residue Codes 



Third 
Previous 
Byte 

Second 
Previous 
Byte 



'3 I »2 I h I IQ [ l-Field 



CiO 



Cii 



Ci2 



Ci3 



ci4|ci 5 , ^11 I k) | f:g,^(d 



C8 


C9 


C10 


Cl1 


Cl 2 Cl 3 Oi 4|Ci 5 ORC-Field 




















Co 


Cl 


02 


03 


04 


C5 


C6 


C7 







Third 
Previous 
Byte 


Se 
Pre 
E 


cond 
vious 
tyte 


Previous 
Byte 


Final 
Byte 


lO 17 


lO 17 


lO'h 


ORO 1 


ORO 1 


ORO 2 



Bytes received from the left 



D2 01 DO 



Previous Character 
MSB LSB 



2nd Previous Character 
MSB LSB 



8 Bits per Character 






c c c 


c 


c 


c 


c 


c 


c 


c 


c 


c 


c 


C 


D 


D 


1 


c c c 


c 


c 


c 


c 


c 


c 


c 


D 


D 


D 


D 


D 


D 


1 


c c c 


c 


c 


c 


c 


c 


c 


c 


c 


c 


D 


D 


D 


D 


1 r 


c c c 


c 


c 


c 


c 


c 


D 


D 


D 


D 


D 


D 


D 


D 


1 


c c c 


c 


c 


c 


c 


c 


c 


c 


c 


c 


C 


D 


D 


D 


1 1 


c c c 


c 


c 


c 


c 


c 


c 


D 


D 


D 


D 


D 


D 


D 


1 1 


c c c 


c 


c 


c 


c 


c 


c 


c 


c 


D 


D 


D 


D 


D 


1 1 1 


c c c 


c 


c 


c 


c 


D 


D 


D 


D 


D 


D 


D 


D 


D 


7 Bits per Character 





X c c 


c 


c 


c 


c 


D 


X 


D 


D 


D 


D 


D 


D 


D 


1 


X c c 


c 


c 


c 


c 


c 


X 


c 


c 


D 


D 


D 


D 


D 


1 


X c c 


c 


c 


c 


c 


c 


X 


c 


c 


c 


C 


D 


D 


D 


1 r 


X c c 


c 


c 


c 


c 


c 


X 


D 


D 


D 


D 


D 


D 


D 


1 


X c c 


c 


c 


c 


c 


c 


X 


c 


c 


c 


C 


C 


D 


D 


1 1 


X c c 


c 


c 


c 


c 


c 


X 


c 


D 


D 


D 


D 


D 


D 


1 1 


X c c 


c 


c 


c 


c 


c 


X 


c 


c 


c 


D 


D 


D 


D 


6 Bits per Character 


0* 


X X c 


c 


c 


c 


c 


c 


X 


X 


D 


D 


D 


D 


D 


D 


1 


X X c 


c 


c 


c 


c 


c 


X 


X 


c 


c 


D 


D 


D 


D 


1 


X X c 


c 


c 


c 


c 


c 


X 


X 


c 


c 


C 


C 


D 


D 


1 


X X c 


c 


c 


c 


c 


c 


X 


X 


c 


c 


C 


C 


C 


D 


1 1 


X X c 


c 


c 


c 


c 


c 


X 


X 


c 


D 


D 


D 


D 


D 


1 1 


X X c 


c 


c 


c 


c 


c 


X 


X 


c 


c 


C 


D 


D 


D 


5 Bits per Character 





XXX 


c 


c 


c 


c 


c 


X 


X 


X 


c 


D 


D 


D 


D 


1 


XXX 


c 


c 


c 


c 


c 


X 


X 


X 


c 


C 


D 


D 


D 


1 


XXX 


c 


c 


c 


c 


c 


X 


X 


X 


c 


C 


C 


C 


D 


1 0* 


XXX 


c 


c 


c 


G 


c 


X 


X 


X 


c 


C 


C 


C 


C 


1 1 


XXX 


c 


c 


c 


c 


c 


X 


X 


X 


c 


C 


C 


D 


D 



C = CRCbit 
D = Valid data 
X = Invalid 

*= No residue (boundary of the last received data matches the 
boundary between one byte and the CRC). 
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Status Register SR4A 

Each bit of this register indicates whether or not a 
corresponding cause of interrupt exists within the 
AMPSC. A bit is set to one when its matching interrupt 
is being serviced or if a lower-priority interrupt is 
pending during the servicing of a higher-priority in- 
terrupt. Otherwise, it is zero, Although this register can 
be read only on channel A, its function is shared by 
both channels. 



Bit 


Chan 


Description 


D7 


A 


Special Rx condition; INT pending 


D6 


B 


Special Rx condition; INT pending 


D5 


A 


Rx INT pending 


D4 


A 


Tx INT pending 


D3 


A 


E/S INT pending 


D2 


B 


Rx INT pending 


D1 


B 


Tx INT pending 


DO 


B 


E/S INT pending 



Status Register SR8 

Valid only in the BOP mode, bits D7-D0 of SR8 are the 
low order byte of the Tx Data Length counter. Register 
SR8 is normally used to determine if frame transmission 
completed correctly. If the value of CR8/CR9 does not 
equal the value of SR8/SR9 when the transmitter 
underruns, the AMPSC automatically transmits an 
Abort. Registers SR8 and SR9 are cleared by a reset or 
when the TxDLC enable bit (CR13 bit D8) is set to one. 

Status Register SR9 

Valid only in the BOP mode, bits D7-D0 of SR9 are the 
high order byte of the Tx Data Length counter. Registers 
SR8 and SR9 are used in conjunction with each other. 

Status Register SR10 

One Clock Missing [D7] 

This bit indicates if a transition has been detected in 
the received data. It is valid when the FM data format is 
selected and the DPLL is In operation. With FM data 
format, a transition (rising orfalling) must occur within 
one bit time at a bit boundary or center. The DPLL uses 
this transition as a reference for clock generation. 

If no transitions occur, the DPLL clock generation may 
not operate properly. The DPLL detects transitions 
every 2 bits. 

A one in bit D7 indicates no transition was detected in 
the received data. This bit is latched, and is reset by the 
Reset Missing Clock command (CR14 bits D7-D5 = 
010) or the Enter Search command (CR14 bits D7-D5 = 
001). 



Two Cloclcs IVIissing [D6] 

Bit D6 indicates that two consecutive transitions in the 
received data were missed. 

Sending on Loop [D4] 

Bit D4 set to the one state indicates that the AMPSC is 
in the SDLC loop connection and is transmitting. It is 
valid only in the BOP mode when the SDLC Loop is 
selected (CR10 bits D4, D1 = 1,1). 

Tx Sync/On Loop [D1] 

Bit D1 is valid only in the COP or BOP mode. In the 
COP mode, a one in bit D1 indicates that the transmitter 
and receiver are synchronized (SYNC character 
detection on the receiver has been completed) after 
both the Auto Tx on Sync and the bit D4 Enable bits 
(CR10 bits D4,D1) were reset, and transmission is 
enabled for the device. 

In the BOP mode, a one in bit D1 indicates that a GA 
pattern was detected and a 1-bit delay was inserted 
between the RxD input and the TxD output. Bit D1 
remains a one during the time that the SDLC loop is 
formed. When D1 is zero, the TxD and RxD lines are 
connected without the delay in loop mode. Bit D1 is 
also zero when the AMPSC is not in the loop mode. 

Status Register SR1 1 

This register directly indicates the value set in CR11 for 
interrupt enables. The host processor can use SR11 to 
read the interrupt enable states for the various interrupt 
sources within the AMPSC. 

Status Register SRI 2 

This register indicates the lower 8 bits (bits 7-0) of the 
value set in the Rx BRG. 

Status Register SRI 3 

This register indicates the upper 8 bits (bits 15-8) of the 
value set in the Rx BRG. 

Status Register SR 1 4 

This register indicates the lower 8 bits (bits 7-0) of the 
value set in the Tx BRG. 

Status Register SRI 5 

This register indicates the upper 8 bits (bits 15-8) of the 
value set in the Tx BRG. 
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Graphics Controliers 



MPD7220A 


3-3 


Hiah-Performanne Graohics DisDiav Controller 




MPD72020 


3-31 


CMOS Graphics Display Controller 




MPD72022 


3-57 


intelligent Display Processor 




MPD72120 


3-97 


Advanced Grapliics Display Controller 




MPD72123 


3-153 


Advanced Graphics Display Controller 11 
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High-Performance 
Graphics Display Controller 



Description 

The //PD7220A high-performance graphics display 
controller (HGDC) is an intelligent microprocessor 
peripheral designed to be the heart of a high-perfor- 
mance raster scan computer graphics and character 
display system. Positioned between the video display 
memory and the microprocessor bus, the HGDC 
performs the tasks needed to generate the raster 
display and manage the display memory. Processor 
software overhead is minimized by the HGDC's sophis- 
ticated instruction set, graphics figure drawing, and 
DMA transfer capabilities. The display memory sup- 
ported by the HGDC can be configured in any number 
of formats and sizes up to 256K 16-bit words. The 
display can be zoomed and panned, while partitioned 
screen areas can be independently scrolled. With its 
light pen input and multiple controller capability, the 
HGDC is ideal for advanced computer graphics 
applications. 

For a more detailed description of the HGDC's 
operation, please refer to the 7220/7220A design 
manuals. 

System Considerations 

The HGDC is designed to work with a general purpose 
microprocessor to implement a high-performance 
computer graphics system. Through the division of 
labor established by the HGDC's design, each of the 
system components is used to the maximum extent 
through a six-level hierarchy of simultaneous tasks. At 
the lowest level, the HGDC generates the basic video 
raster timing, including sync and blanking signals. 
Partitioning areas on the screen and zooming are also 
accomplished at this level. At the next level, video 
display memory is modified during the figure drawing 
operations and data moves. Third, display memory 
addresses are calculated pixel by pixel as drawing 
progresses. Outside the HGDC at the next level, 
preliminary calculations are done to prepare drawing 
parameters. At the fifth level, the picture must be 
represented as a list of graphics figures drawable by 
the HGDC. Finally, this representation must be 
manipulated, stored, and communicated. By handling 
the first three levels, the HGDC takes care of the high- 
speed and repetitive tasks required to implement a 
graphics system. 



Features 

□ Microprocessor interface 

— DMA transfers with 8257- or 8237-type 
controllers 

— FIFO command buffering 

□ Display memory interface 

— Up to 256K words of 16-bits 

— Read-modlfy-write (RMW) display memory 
cycles as fast as 500 ns 

— Dynamic RAM refresh cycles for nonaccessed 
memory 

□ Light pen input 

□ Drawing hold input 

□ External video synchronization mode 

□ Graphic mode 

— Four megabit, bit-mapped display memory 

□ Character mode 

— 8K character code and attributes display 
memory 

□ Mixed graphics and character mode 

— 64K if all characters 

— 1 megapixel if all graphics 

□ Graphics capabilities 

— Figure drawing of lines, arc/circles, rectangles, 
and graphics characters in 500 ns per pixel 

— Display 1024-by-1024 pixels with 4 planes of 
color or grayscale 

— Two independently scrollable areas 

□ Character capabilities 

— Auto cursor advanced 

— Four independently scrollable areas 

— Programmable cursor height 

— Characters per row: up to 256 

— Character rows per screen: up to 100 

□ Video display format 

— Zoom magnification factors of 1 to 16 

— Panning 

— Command-settable video raster parameters 

□ NMOS technology 

□ Single +5 V power supply 

□ DMA capability 

— Bytes or word transfers 

— 4 clock periods per byte transferred 

□ On- chip pu ll-up resistor for VSYNC/EXT, HSYNC 
and DACK, and a pull-down resistor for LPEN/DH 



NECEL-000063 



3-3 



//PD7220A 



Ordering Information 



Pin Identification 



Part 


Package 


Max Frequency 


Number 


Type 


of Operation 


A/PD7220AD 


40-pin ceramic DIP 


6 MHz 


/yPD7220AD-1 


40-pin ceramic DIP 


7 MHz 


AfPD7220AD-2 


40-pin ceramic DIP 


8 MHz 


Pin Configuration 



2XWCLK C 


1 




40 


1 


Vcc 


DBIN C 


2 




39 


1 


Al7 


HSYNC C 


3 




38 


J 


A16 


V/EXTSYNC C 


4 




37 


1 


AD15 


BLANK C 


5 




36 


1 


AD,4 


ALE C 


6 




35 


1 


AD, 3 


DRQ C 






34 


1 


AD12 


DACK C 


8 




33 


J 


AD11 


RD C 


9 


i 


32 


: 


AD,o 


WR C 


10 


?j 


31 


1 


ADg 


AoC 


11 


Q 

a. 


30 


3 


ADa 


DBoC 


12 


± 


29 


3 


AD/ 




13 




28 


1 


ADe 


DB^C 


14 




27 


3 


AD5 


DB3C 


15 




26 


3 


AD, 


DB4C 


16 




25 


3 


AD3 


DBsC 


17 




24 


3 


AD2 


DBeC 


18 




23 


3 


AD, 


DB7C 


19 




22 


3 


ADo 


GND C 


20 




21 


3 


LPEN/DH 















Character Mode Pin Utilization 



Pln 



No. 



Symbol 



Function 



35-37 AD13-AD15 



Line counter bits to 2 outputs 



38 



AD16 



Line counter bit 3 output 



39 



AD17 



Cursor output and line counter bit 4 



Mixed Mode Pin Utilization 



Pin 



No. 



Symbol 



Function 



35-37 AD13-AD15 



Address and data bits 13 to 15 



38 



Attribute blink and clear line counter 
output 



Pin 


No. 




Fiinrfinn 


1 


2xWCLK 


Clock input 


2 


DBIN 


Display memory read input flag 


3 


HSYNC 


Horizontal video sync output 


4 


V/EXT SYNC 


Vertical video sync output or external 
VSYNC input 


5 


BLANK 


CRT blanking output 


g 


ALE 


rMlUlCoo lalUli ClidUlC UUipUl 


7 


DRQ 


HMA rpniipct niitniit 
uiviM 1 ci|ucoi uuipui • 


8 


DACK 


DMA acknowledge input 


9 


RD 


Read strobe input for microprocessor 

intprfarp 


10 


WR 


Write stobe input for microprocessor 

intprfarp 


11 


Ao 


Address select input for microprocessor 

intprfarp 

lillCI ICluC 


12-19 


DB0-DB7 


Bidirectional data bus to host micro- 


CM 


GND 


UlUUIIU 


21 


LPEN/DH 


Light pen detect input drawing hold 
input 


22-34 


AD0-AD12 


Address data lines to display memory 


35-37 


AD13-AD15 


Utilization varies with mode of 
operation 


38 


A16 


Utilization varies with mode of 
operation 


39 


Ai7 


Utilization varies with mode of 
operation 


40 


Vcc 


+5 V ±10% power supply 


Graphics Mode Pin Utilization 


Pin 


No. 


Symbol 


Function 


35-37 


AD13-AD15 


Address and data bits 13 to 15 


38 


A16 


Address bit 16 output 


39 


A17 


Address bit 17 output 



39 



A17 



Cursor and bit-map area flag output 
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Pin Functions 

2xWCLK [Clock Input] 

2xWCLK is the clock input. 

DBIN [Data Bus Input Enable] 

The DBIN output indicates the time the AGDC will 
accept data read from display RAM during read- 
modify-write (RMW) cycles. 

HSYNC [Horizontal Sync] 

The HSYNC output indicates the time the CRT's beam 
is to start its retrace back to the left side of the screen. 

V/EXT SYNC [Vertical SYNC Output/External 
Sync Input] 

The AGDC can be programmed to output a vertical 
sync signal at the start of the return of the CRT's beam 
from the lower right of the screen to the upper left 
during vertical retrace. The AGDC may also be 
programmed to accept an external sync input when 
used in slave mode. 

BLANK [Blank] 

BLANK is output during inactive display times (hori- 
zontal and vertical retrace) of the CRT and during a 
read-modify-write memory cycle when in flash mode. 

ALE [Address Latch Enable] 

The falling edge of ALE indicates the first clock cycle of 
a display memory cycle and the availability of the 
memory address on pins AD0-AD17. ALE and external 
logic can generate display memory control signals. 

Ao [Address Bit 0] 

Aq is the address select input for the microprocessor 
interface. 

Ai [Address Bit 1] 

The Ai input selects registers when reading or writing 
to the AGDC. 

DACK [ DMA Acknowledge] 

DACK is the DMA acknowledge input handshake line 
that directly interfaces to the //PD8257 or //PD8237 
DMA controller. 

DRQ [DMA Request] 

DRQ is the DMA request output handshake line that 
directly interfaces to the //PD8257 or )wPD8237 DMA 
controller. 



RD [Read Strobe] 

The host CPU clears the RD input to when reading 
the internal status and FIFO registers. 

WR [Write Strobe] 

The host CPU clears WR to when writing to the 
internal command and parameter registers. 

DB0-DB7 [Data Bus] 

DB0-DB7, the 8-bit, three-state bidirectional data bus 
transfers data to and from the host CPU via the system 
bus. 

LPEN/DH [Light Pen/Drawing Hold] 

The LPEN/DH input can be programmed as either a 
light pen input ordrawing hold input. The drawing hold 
input halts ail read-modify-write operations. 

AD0-AD17 [Address and Data Lines] 

AD0-AD17 are address and data lines to display 
memory. AD13-AD-17 functions vary with the mode of 
operation of the ADGC.The)LfPD7220/7220A Graphics 
Display Controller User's Manual describes these 
functions and modes of operation. 

Vcc [Power Supply] 

Vcc is the +5 V power supply input. 

GND [Ground] 

GND is ground potential. 



Block Diagram 



DREQO 
DACKO^ 



DB-0 to 7<T^ Microprocessor 
Interface 
with 
Status Reg. 
DATA READ Reg. 



A-Oo- 
RDo- 
WRO 



Command 
Processor 
with 
Control ROM 
128x14 



Parameter 
RAM 
16x8 



HSYNC 
-^V/EXT SYNC 
-*-o BLANK 



Memory 
—-\ Timing 
Generator 



P ALE 
oBbIN 



Display 
Memory 
Controller 
with 
Refresh Counter 
Line Counter 
RMW Data Path 



oA-17 

oA-16 

oAD-15 

oAD-14 

oAD-13 

Q^AD-0to12 



Light Pen 
Deglitch and 
Register 
Logic 
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HGDC Components 

Microprocessor Bus Interface 

Control of the HGDC by the system microprocessor is 
achieved through an 8-bit bidirectional interface. The 
status register is readable at any time. Access to the 
FIFO buffer is coordinated through flags in the status 
register and operates independently of the various 
internal HGDC operations, due to the separate data 
bus connecting the interface and the FIFO buffer. 

Applications 

NEC Electronics Inc. recently learned that applica- 
ion of the //PD7220 or //PD7220A Graphics Display 
Controller in conjunction with other non-NEC 
Electronics Inc. equipment to achieve panning and 
zooming capabilities may infnnge U.S. Patents 
4,197,590 and RE 31,200 held by CADTRAK CORP- 
ORATION of Sunnyvale, Ca. Neither the A/PD7220 nor 
the //PD7220A Graphics Display Controllers by them- 
selves infringe CADTRAK's patents. CUSTOMERS OF 
NEC ELECTRONICS INC. ARE HEREBY GIVEN 
NOTICE OF THE EXISTENCE OF THE CADTRAK 
PATENTS. USER'S ARE RESPONSIBLE FOR IN- 
SURING THAT THEIR SYSTEM DESIGN, MANU- 
FACTURE AND RESULTING PRODUCT DO NOT 
VIOLATE ANY APPLICABLE PATENTS. 

Command Processor 

The contents of the FIFO are interpreted by the 
command processor. The command bytes are decoded, 
and the succeeding parameters are distributed to their 
proper destinations within the HGDC. The command 
processor yields to the bus interface when both access 
the FIFO simultaneously. 

DMA Control 

The DMA control circuitry in the HGDC coordinates 
transfers over the microprocessor interface when using 
an external DMA controller. The DMA Request and 
Acknowledge handshake lines directly interface with a 
//PD8257 or//PD8237 DMA controller, so that display 
data can be moved between the microprocessor 
memory and the display memory. 



Parameter RAM 

The 16-byte RAM stores parameters that are used 
repetitively during the display and drawing processes. 
In character mode, this RAM holds four sets of 
partitioned display area parameters; in graphics mode, 
the drawing pattern and graphics character take the 
place of two of the sets of parameters. 

Video Sync Generator 

Based on the clock input, the sync logic generates the 
raster timing signals for almost interlaced, non- 
interlaced, or "repeat field" interlaced video format. 
The generator is programmed during the idle period 
following a reset. In video sync slave mode, it 
coordinates timing between multiple HGDCs. 

Memory Timing Generator 

The memory timing circuitry provides two memory 
cycle types: a two-clock period refresh cycle and the 
read-modify-write(RMW) cycle, which takes four clock 
periods. The memory control signals needed to drive 
the display memory d evices are easily generated from 
the HGDCs ALE and DBIN outputs. 

Zoom & Pan Controller 

Based on the programmable zoom display factor and 
the display area entries in the parameter RAM, the 
zoom and pan controller determines when to advance 
to the next memory address for display refresh and 
when to go on to the next display area. A horizontal 
zoom is produced by slowing down the display refresh 
rate while maintaining the video sync rates. Vertical 
zoom is accomplished by repeatedly accessing each 
line a number of times equal to the horizontal repeat. 
Once the line count for a display area is exhausted, the 
controller accesses the starting address and line count 
of the next display area from the parameter RAM. The 
system microprocessor, by modifying a display area 
starting address, can pan in any direction, in- 
dependently of the other display areas. 

Drawing Controller 

The drawing processor contains the logic necessary to 
calculate the addresses and positions of the pixels pf 
the various graphics figures. Given a starting point and 
the appropriate drawing parameters, the drawing 
controller needs no further assistance to complete the 
figure drawing. 
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Display Memory Controller 

The display memory contoller's tasks are numerous. 
Its primary purpose is to multiplex the address and 
data information in and out of the display memory. It 
also contains the 16-bit logic unit used to modify the 
display memory contents during RMW cycles, the 
character mode line counter, and the refresh counter 
for dynamic RAMs. The memory controller apportions 
the video field time between the various types of 
cycles. 

Light Pen Deglitcher/ Drawing Hold 

Only if two rising edges on the light pen input occur at 
the same point during successive video fields are the 
pulses accepted as a valid light pen detection. A status 
bit indicates to the system microprocessor that the 
light pen register contains a valid address. If this input 
is held high for a period greater than four 2xWCLK 
cycles, drawing execution is halted when bit 7 of P5 of 
the SYNC command is set. 

Programmer's View of HGDC 

The HGDC occupies two addresses on the system 
microprocessor bus through which the HGDC's status 
register and FIFO are accessed. Commands and 
parameters are written into the HGDC's FIFO and are 
differentiated based on address bit Aq. The status 
register or the FIFO can be read as selected by the 
address line. 

Commands to the HGDC take the form of a command 
byte followed by a series of parameter bytes as needed 
for specifying the details of the command. The 
command processor decodes the commands, unpacks 
the parameters, loads them into the appropriate 
registers within the HGDC, and initiates the required 
operations. 

The commands available in the HGDC can be organized 
into five categories as described in the following 
section. 

HGDC Microprocessor Bus Interface Registers 



Status Register 



J I L_J I I L 



J L_l I I I I 



Parameter Into FIFO 



J L_J I I I L_ 



Command Into FIFO 



HGDC Commands Summary 

Video Control Commands 

1 . RESET1 Resets the GDC to its idle state. 

Resychronizes video timing. Blanks 
the display. 

2. RESET2 Resets the HGDC to its idle state. 

Does not resynchronize video 
timing. Blanks the display. 

3. RESET3 Resets the HGDC to its idle state. 

Does not resynchronize video 
timing. Does not blank the display. 

4. SYNC Specifies the video display format. 

5. VSYNC Selects master or slave video 

synchronization mode. 

6. CCHAR Specifies the cursor and character 

row heights. 

Display Control Commands 

1 . START Ends idle mode and unblanks the 

display. 

2. BLANK1 Controls the blanking and 

unblanking of the display, along 
with video resynchronization. 

3. BLANK2 Controls the blanking and 

unblanking of the display. Does not 
blank the display. 

4. ZOOM Specifies zoom factors for the 

display and graphics characters 
writing. 

5. CURS Sets the position of the cursor in 

display memory. 

6. PRAM Defines starting addresses and 

lengths of the display areas and 
specifies the eight bytes for the 
graphics character. 

7. PITCH Specifies the width of the X 

dimension of display memory. 

Drawing Control Commands 

1 . WDAT Writes data words or bytes into 

display memory. 

2. MASK Sets the mask register contents. 

3. FIGS Specifies the parameters for the 

drawing controller. 

4. FIGD Draws the figure as specified 

above. 

5. GCHRD Draws the graphics character into 

display memory. 
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Data Read Commands 

1. RDAT Reads data words or bytes frorri 

display memory. 

2. CURD Reads the cursor position. 

3. LPRD Reads tlie liglit pen address. 
DMA Control Commands 

1 . DMAR Requests a DMA read transfer. 

2. DMA\N Requests a DMA write transfer. 

Status Register Flags 

SR-7: Light Pen Detect 

When this bit is set to 1, the light pen address (LAD) 
register contains a deglitched value that the system 
microprocessor may read. This flag is reset after the 
3-byte LAD is moved into the FIFO in response to the 
light pen read command. 

SR-6: Horizontal Blank Active/Vertical 
Blank Active 

A 1 value for this flag signifies that horizontal retrace 
blanking or vertical retrace blanking is currently under- 
way dependent on the status of the VH bit in SYNC or 
the RESETx parameter 6. 

SR-5: Vertical Sync 

Vertical retrace sync occurs while this flag is a 1. The 
vertical sync flag coordinates display format modifying 
commands to the blanked interval surrounding vertical 
sync. This eliminates display disturbances. 

SR-4: DMA Execute 

This bit is a 1 during DMA data tranfers. 

SR-3: Drawing in Progress 

While the HGDC is drawing a graphics figure, this 
status bit is a 1 . 

Status Register (SR) 

7 6 5 4 3 2 1 



Data Ready 
FIFO Full 
FIFO Empty 
Drawing In Progress 
DMA Execute 
Vertical Sync Active 

Horizontal Blank Active/ 

Vertical Blank Active 
Light Pen Detect 



SR-2: FIFO Empty 

This bit and the FIFO-full flag coordinate system 
microprocessor accesses with the HGDC FIFO. When 
it is 1, the Empty flag ensures that all the commands 
and parameters previously sent to the HGDC have 
been interpreted. 

SR-1: FIFO Full 

A 1 at this flag indicates a full FIFO in the HGDC. A 
ensures that there is room for at least one byte. This 
flag needs to be checked before each write into the 
HGDC. 

SR-0: Data Ready 

When this flag is a 1 , it indicates that a byte is available 
to be read by the system microprocessor. This bit must 
be tested before each read operation. It drops to a 
while the data is transferred from the FIFO into the 
microprocessor interface data register. 

FIFO Operation & Command Protocol 

The first-in, first-out buffer (FIFO) in the HGDC handles 
the command dialogue with the system microproces- 
sor. This flow bf information uses a half-duplex 
technique, in which the single 16-locatioh FIFO is used 
for both directions of data movement, one direction at 
a time. The FIFO's direction is controlled by the system 
microprocessor through the HGDC's command set. 
The host microprocessor coordinates these transfers 
by checking the appropriate status register bits. 

The command protocol used by the HGDC requires 
differentiation of the first byte of a command sequence 
from the succeeding bytes. The first byte contains the 
operation code and the remaining bytes carry para- 
meters. Writing into the HGDC causes the FIFO to 
store a flag value alongside the data byte to signify 
whether the byte was written into the command or the 
parameter address. The command processor in the 
HGDC tests this bit as it interprets the entries in the 
FIFO. 

The receipt of a command byte by the command 
processor marks the end of any previous operation. 
The number of parameter bytes supplied with a 
command is cut short by the receipt of the next 
command byte. A read operation from the HGDC to the 
microprocessor can be terminated at any time by the 
next command. 
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The FIFO changes direction under the control of the 
system microprocessor. Commands written into the 
HGDC always put the Fl FO into write mode if it was not 
in it already. If it was in read mode, any read data in the 
FIFO at the time of the turnaround is lost. Commands 
which require an HGDC response, such as RDAT, 
CURD and LPRD, put the FIFO into read mode afterthe 
command is interpreted by the HGDC's command 
processor. Any commands and parameters behind the 
read-evoking command are discarded when the FIFO 
direction is reversed. 

Read-Modif y-Write Cycle 

Data transfers between the HGDC and the display 
memory are accomplished using a read-modify-write 
(RMW) memory cycle. The four-clock period timing of 
the RMW cycle is used to 1 . output the address, 2. read 
data rom the memory, 3. modify the data, and 4. write 
the modified data back into the initially selected 
memory address. This type of memory cycle is used for 
all interactions with display memory including DMA 
transfers, except for the two-clock period display and 
RAM refresh cycles. 

The operations performed during the modify portion of 
the RMW cycle merit additional explanation. The 
circuitry in the HGDC uses three main elements: the 
Pattern register, the Mask register, and the 16-bit Logic 
unit. The Pattern register holds the data pattern to be 
moved into memory. It is loaded by the WDAT para- 
meters or, during drawing, from the parameter RAM. 
The Mask register contents determine which bits of the 
read data will be modified. Based on the contents of 
these registers, the Logic unit performs the selected 
operations of REPLACE, COMPLEMENT, SET, or 
CLEAR on the data read from display memory. 

The Pattern register contents are AN Ded with the Mask 
register contents to enable the actual modification of 
the memory read data, on a bit-by-bit basis. For 
graphics drawing, one bit at a time from the Pattern 
register is combined with the Mask. When ANDed with 
the bit set to a 1 in the Mask register, the proper single 
pixel is modified by the Logic unit. For the next pixel in 
the figure, the next bit in the Pattern register is selected 
and the Mask register bit is moved to identify the pixel's 
location within the word. The Execution word address 
pointer register, EAD, is also adjusted as required to 
address the word containing the next pixel. 



In character mode, all of the bits in the Pattern register 
are used in parallel to form the respective bits of the 
modify data word. Since the bits of the character code 
word are used in parallel, unlike the one-bit-at-a-time 
graphics drawing process, this facility allows any or all 
of the bits in a memory word to be modified in one 
RMW memory cycle. The Mask register must be loaded 
with ones in the positions where modification is to be 
permitted. 

The Mask register can be loaded in either of two ways. 
In graphics mode, the CURS command contains a 4-bit 
dAD field to specify the dot address. The command 
processor converts this parameter into the 1-of-16 
format used in the Mask register for figure drawing. A 
full 16-bits can be loaded into the Mask register using 
the MASK command. In addition to the character mode 
use mentioned above, the 16-bit MASK load is con- 
venient in graphics mode when all of the pixels of a 
word are to be set to the same value. 

The Logic unit combines the data read from display 
memory, the Pattern register, and the Mask register to 
generate the data to be written back into display 
memory. Any one of four operations can be selected: 
REPLACE, COMPLEMENT, CLEAR or SET. In each 
case, if the respective Mask bit is 0, that particular bit of 
the read data is returned to memory unmodified. If the 
Mask bit is 1, the modification is enabled. With the 
REPLACE operation, the Pattern register data simply 
takes the place of the read data for modification 
enabled bits. For the other three operations, a in the 
modify data allows the read data bit to be returned to 
memory. A 1 value causes the specified operation to be 
performed in the bit positions with set Mask bits. 

Figure Drawing 

The HGDC draws graphics figures at the rate of one 
pixel per read-modify-write (RMW) display memory 
cycle. These cycles take four clock periods to complete. 
At a clock frequency of 8 MHz, this is equal to 500 ns. 
During the RMW cycle the HGDC simultaneously 
calculates the address and position of the next pixel to 
be drawn. 

The graphics figure drawing process depends on the 
display memory addressing structure. Groups of 16 
horizontally adjacent pixels form the 16-bit words 
which are handled by the HGDC. Display memory is 
organized as a linearly addressed space of these 
words. Addressing of individual pixels is handled by 
the HGDC's internal RMW logic. 
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During the drawing process, the HGDC finds the next 
pixel of the figure which is one of the eight nearest 
neighbors of the last pixel drawn. The HGDC assigns 
each of these eight directions a number from to 7, 
starting with straight down and proceeding counter- 
clockwise. 

Figure drawing requires the proper manipulation of 
the address and the pixel bit position according to the 
drawing direction to determine the next pixel of the 
figure. To move to the word above or below the current 
one, it is necessary to subtract or add the number of 
words per line in display memory. This parameter is 
called the pitch. To move to the word to either side, the 
Execute word address cursor, EAD, must be increment- 
ed or decremented as the dot address pointer bit reaches 
the LSB or the MSB of the Mask register. To move to a 
pixel within the same word, it is necessary to rotate the 
dot address pointer to the right or left. The table below 
summarizes these operations for each direction. 



Dir 


Operations to Address the Next Pixel 




000 


EAD-P-*EAD 




001 


EAD-P-*EAD 

dAD(MSB) = 1:EAD - 1 EAD 


dAD-^LR 


010 


dAD(MSB) = 1:EAD-1 -^EAD 


dAD LR 


011 


EAD -P — EAD 

dAD{MSB) = 1:EAD-1-*EAD 


dAD LR 


100 


EAD -P — EAD 




101 


EAD-P-*EAD 

dAD(LSB) = 1:EAD-1-*EAD 


dAD RR 


110 


dAD(LSB) = 1:EAD-1 -^EAD 


dAD-^RR 


111 


EAD - P — EAD 

dAD (LSB) = 1:EAD-1-^ EAD 


dAD-*RR 



Note: 

P = Pitch, LR = Left Rotate, RR = Right Rotate, EAD = Execute Word 
Address, and dAD = Dot Address stored in the Mask register. 



Drawing Directions 



o o o 



Whole word drawing is useful for filling areas in 
memory with a single value. By setting the Mask 
register to all Is with the MASK command, both the 
LSB and MSB of the dAD will always be 1 , so that the 
EAD value will be incremented or decremented for 
each cycle regardless of direction. One RMW cycle will 
be able to affect all 1 6 bits of the word for any drawing 
type. One bit in the Pattern register is used per RMW 
cycle to write all the bits of the word to the same value. 
The next Pattern bit is used for the word, etc. 

For the various figures, the effect of the initial direction 
upon the resulting drawing Is shown below: 



Dir 


Line 


Arc 


Character 


Slant Char 


Rectangle 


000 




w 


nil 


\ 


n 


001 










o. 


010 


Jk 








n 


Oil 












100 




.a 


m 


\ 


u 


101 




<j 






O 


110 










□ 


111 


A 












^N 



Note that during line drawing, the angle of the line may 
be anywhere within the shaded octant defined by the 
DIR value. Arc drawing starts in the direction initially 
specified by the DIR value and veersi into an arc as 
drawing proceeds. An arc may be up to 45° in length. 
DMA transfers are done on word boundaries only, and 
follow the arrows indicated in the table to find succes- 
sive word addresses. The slanted paths for DMA 
transfers indicate the HGDC changing both the X and Y 
components of the word address when moving to the 
next word. It does not follow a 45° diagonal p^th by 
pixels. 
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Drawing Parameters 

In preparation for graphics figure drawing, the HGDC's 
Drawing processor needs the figure type, direction and 
drawing parameters, the starting pixel address, and the 
pattern from the microprocessor. Once these are in 
place within the HGDC, the Figure Draw command, 
FIGD, initiates the drawing operation. From that point 
on, the system microprocessor is not involved in the 
drawing process. The HGDC Drawing controller co- 
ordinates the RMW circuitry and address registers to 
draw the specified figure pixel by pixel. 

The algorithms used by the processor for figure 
drawing are designed to optimize its drawing speed. To 
this end, the specific details about the figure to be 
drawn are reduced by the microprocessor to form 
conducive to high-speed address calculations within 
the HGDC. In this way the repetitive, pixel-by-pixel 
calculations can be done quickly, thereby minimizing 
the overall figure drawing time. The table below sum- 
marizes the parameters. 



Drawing 
Type 


DC 


D 


D2 


D1 


DM 


Initial 
Value(1) 





8 


8 


-1 


-1 


Line 


|AI| ■ 


2|AD| - |AI| 


2(|AD|-|AI|) 


2|AD| 




Arc (2) 


rsin0 


r-1 


2(r-1) 


-1 


rsin^l 


Rectangle 


3 


A-1 


B-1 


-1 


A-1 


Area fill 


B-1 


A 


A 






Graphic 

character 

(3) 


B-1 


A 


A 






Read & 
write data 


W-1 










DMAW 


D-1 


C-1 








DMAR 


D-1 


C-1 


(C-1)/2/t 







Note: 

All numbers are shown in base 10 for convenience. The HGDC 
accepts base 2 numbers (2's complement notation) where 
appropriate. 

(1) Initial values for the various parameters remain as each drawing 
process ends. 

(2) Circles are drawn with 8 arcs, each of which span 45°, so that sin 
= 1/\/2 and sin ^ = 0. 

(3) Graphic characters are a special case of bit-map area filling in 
which B and A < 8. If A = 8 there is no need to load D and D2. 



Symbol Definitions 

-1 All ONES value. 
— = No parameter bytes sent to HGDC for this 

parameter. 
Al = The larger at Ax or Ay. 
AD = The smaller at Ax or Ay. 
r = Radius of curvature, in pixels. 

= Angle from major axis to end of the arc. 

0<45°. 

6 = Angle from major axis to start of the arc. 
^<45°. 

t = Round up to the next higher integer. 

1 = Round down to the next lower integer. 

A = Number of pixels in the initially specified 
direction. 

B = Number of pixels in the direction at right 

angles to the initially specified direction. 
W = Number of words to be accessed. 
C = Number of bytes to be transferred in the 

initially specified direction. (Two bytes per 

word if word transfer mode is selected.) 
D = Number of words to be accessed in the 

direction at right angles to the initially 

specified direction. 
DC = Drawing count parameter which is one less 

than the number of RMW cycles to be 

executed. 

DM = Dots masked from drawing durihg arc 
drawing, 
t = Needed only for word reads. 

GraphicsCiiaracter Drawing 

Graphics characters can be drawn into display memory 
pixel by pixel. The up to 8-by-8 character display is 
loaded into the HGDC's parameter RAM by the system 
microprocessor. Consequently, there are no limitations 
on the character set used. By varying the drawing 
parameters and drawing direction, numerous drawing 
options are available. In area fill applications, a 
character can be written into display memory as many 
times as desired without reloading the parameter RAM. 

Once the parameter RAM has been loaded with up to 
eight graphics character bytes by the appropriate 
PRAM command, the GCHRD command can be used 
to draw the bytes into display memory starting at the 
cursor. The zoom magnification factor for writing, set 
by the ZOOM command, controls the size of the 
character written into the display memory in integer 
multiples of 1 through 16. The bit values in the PRAM 
are repeated horizontally and vertically the number of 
times specified by the zoom factor. 
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The movement of these PRAM bytes to the display 
memory is controlled by the parameters of the FIGS 
command. 

Based on the specified height and width of the area to 
be drawn, the parameter RAM is scanned to fill the 
required area. 

For an 8-by-8 graphics character, the first pixel drawn 
uses the LSB of RA-15, the second pixel uses bit 1 of 
RA-15, and so on, until the MSB of RA-15 is reached. 

The HGDC jumps to the corresponding bit in RA-14 to 
continue the drawing. The progression then advances 
toward the LSB of RA-14. This snaking sequence is 
continued for the other 6 PRAM bytes. This progression 
matches the sequence of display memory addresses 
calculated by the drawing processor as shown above. 
If the area is narrower than 8 pixels wide, the snaking 
will advance to the next PRAM byte before the MSB is 
reached. If the area is less than 8 lines high, fewer bytes 
in the parameter RAM will be scanned. If the area is 
larger than 8 by 8, the HGDC will repeat the contents of 
the parameter RAM in two dimensions, as required to 
fill the area with the 8-by-8 mosaic. (Fractions of the 
8-by-8 pattern will be used to fill areas which are not 
multiples of 8 by 8.) 

Parameter RAM Contents: RAM Address 
RA-0 to RA-15 

The parameters stored in the parameter RAM, PRAM, 
are available for the HGDC to refer to repeatedly 
during figure drawing and raster-scanning. In each 
mode of operation the values in the PRAM are inter- 
preted by the HGDC in a predetermined fashion. The 
host microprocessor must load the appropriate para- 
meters Into the proper PRAM locations. PRAM loading 
command allows the host to write into any location of 
the PRAM and transfer as many bytes as desired. In this 
way any stored parameter byte or bytes may be 
changed without influencing the other bytes. 

The PRAM stores two types of information. For 
specifying the details of the display area partitions, 
blocks of four bytes are used. The four parameters 
stored in each block include the starting address in 
display memory of each display area, and its length. In 
addition, there are two mode bits for each area which 
specify whether the area is a bit-mapped graphics area 
or a coded-character area, and whether a 16-bit or a 
32-bit wide display cycle is to be used for that area. 



The other use for the PRAM contents is to supply the 
pattern for figure drawing when in a bit-mapped 
graphics area or mode. In these situations, PRAM 
bytes 8 through 16 are reserved for this patterning 
information. For line, arc, and rectangledrawing (linear 
figures) locations 8 and 9 are loaded into the Pattern 
register to allow the HGDC to draw dotted, dashed, etc. 
lines. For area filling and graphics bit-mapped char- 
acter drawing, locations 8 through 15 are referenced for 
the pattern or character to be drawn. 

Details of the bit assignments are shown for the various 
modes of operation. 



Character Mode 



J Display Partition Area 1 
^ starting address with low & 

high significance fields 

(word address) 



SAD2l 



Length of Display Partition 1 

- (line count) with high and 
low significance fields 

A Wide Display cycle width 
of two words per memory cycle 
is selected for this display 
area if this bit Is set to a 1. 
The display address counter 
is then incremented by 
2 for each display scan 
cycle. Other memory cycle 
types are not influenced. 

Display Partition 2 

— starting address 
and length 







Display Partition 3 
- starting address 
and length 



Display Partition 4 
- Starting address 
and length 
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Graphics and Mixed Graphics and Character 
Modes 



PTN, or 



Pattern of 16 bits used for 
figure drawing to pattern 
dotted, dashed, etc. lines 



Graphics character bytes 

to be moved into display 

memory with graphics 
character drawing 



/ 



SAD1, 



V 



SAD2l 


SA 








LE 


«L 





SAD2h 


WD2 


IM 


LEN2h 



Display Partition Area 1 
- starting address with low, 
middle, and high significance 
fields (word address) 



Length of Display Partition 

- Area 1 with low and high 
significance fields (line count) 

In mixed mode, a 1 indicates an 
. image or graphics area, and a 
indicates a character area. In 
graphics mode this bit must be 0. 
When 1, the DAD is incremented 
every other display cycle. 

Display Partition Area 2 

- starting address and 
length with image 
bit as In area 1 



Command Bytes Summary 







1 



1 1 



1 1 DE 



1 DE 



1 1 1 DE 



110 11 1 M 



1 1 1 1 



Command Bytes Summary 



110 10 11 



1 1 1 



1 1 1 



1 1 1 



1 1 



1 TYPE MOD 



1 1 1 



1 110 



110 11 



110 10 



1 1 TYPE MOD 



1 1 1 



1 1 



10 1 TYPE 1 MOD 



1 TYPE 1 MOD 



Video Control Commands 

Reset 











RESETX: 


|~o 





Blank the display, enter 
Idle mode, and initialize 
wHhin the HGDC: 








— FIFO 








— Command Processor 








— Internal Counters 



This command can be executed at any time and does 
not modify any of the parameters already loaded into 
the HGDC. 

If followed by the parameter bytes, this command also 
sets the sync generator parameters as described below. 
Idle mode is exited with the START command. 



RESET1 
RESET2: 
RESETS; 



Resync video timing in slave mode. 
Blank the display and so not resync. 
Unblank the display and do not resync. 
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In graphics mode, a word is a group of 16 pixels. In 
character mode, a word is one character code and its 
attributes, if any. The number of active words per line 
must be an even number from 2 to 256. An all-zero 
parameter value selects a count equal to 2" where n = 
number of bits in the parameter field for vertical 
parameters. All horizontal widthsare counted in display 
words. All vertical invervals are counted in lines. 

If the Drawing Hold (DH) is set to one, pin 21 
(LPEN/DH) is used as the drawing hold control pin. 
When the input to LPEN/DH is held high for over four 2 
X WCLK clocks, the drawing address output is temp- 
orarily held and the display address is output. 

The HGDC allows an even or odd number of lines per 
frame. Selection is via the VL flag, the seventh bit of the 
sixth parameter byte following a RESET or SYNC 
command. When VL is 0, an odd number of display lines 
is generated. 



VH 


Blank Status Bit Definition 





Status register bit 6 Indicates horizontal blank 


1 


Status register bit 6 Indicates vertical blank 



PH is the most significant bit (9) of the display pitch 
parameter. Use the PITCH command to set the lower 
eight bits. 

SYNC Generator Period Constraints 

Horizontal Back Porch Constraints 

1. In general: 

HBP^ 3 Display Word Cycles (6 clock cycles). 

2. If the Image bit or WD mode changes within one 
video field: 

HBP ^ 5 Display Word Cycles (10 clock cycles). 

3. If interlaced, mixed mode, or split screen is used: 
HBP ^ 5 Display Word Cycles (10 clock cycles). 



C F i D G 



- Mode of Operation select bits 



- Active Display Words per 
line -2 Must be even 
number with bit = 



- Horizontal Sync Width - 1 

- Vertical Sync Width, low bits 



VSh Vertical Sync Width, high bits 



-Horizontal Front Porch Width - 1 



- Horizontal Back Porch Width - 1 
-Vertical Front Porch Width 



- Active Display Lines per 
Video Field, high bits 



- Vertical Back Porch Width 



Horizontal Front Porch Constraints 

1. In general: 

HFP^ 2 Display Word Cycles (4 clock cycles). 

2. If the GDC is used in video sync Slave mode: 
HFP ^ 4 Display Word Cycles (8 clock cycles). 

3. If the Light Pen is used: 

HFP ^ 6 Display Word Cycles (12 clock cycles). 

4. If interlaced mode, DMA, or ZOOM is used: 
HFP ^ 3 Display Word Cycles (6 clock cycles). 

Horizontal Sync Constraints 

1. If interlaced display mode is used: 

HS ^ 5 Display Word Cycles (6 clock cycles). 

2. If DRAM Refresh is enabled: 

HS ^ 2 Display Word Cycles (4 clock cycles). 

Modes of Operation Bits 



c 


G 


Display Mode 








Mixed graphics and character 





1 


Graphics mode 


1 





Character mode 



Invalid 



VL Number of lines In Interfaced mode 



Odd, as In 7220 


1 


s 


video Framing 


1 Even 








Non-interlaced 


When VH = 0, Status operation is as in )L(PD7220. 





1 


Invalid 


1 





Interlaced repeat field for character displays 




1 


1 


Interlaced 
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Repeat Field Framing: 2 field sequence with 1/2 
line offset between 
otherwise identical fields. 

Interlaced Framing: 2 field sequence with 1/2 
line offset. Each field 
displays alternate lines. 

Non-interlaced Framing: 1 field brings all the 

information to the screen. 



D 


Dynamic RAM Refresh Cycles Enable 





No refresh— static RAM 


1 Refresh— dynamic RAM 



Dynamic RAM refresh is important when high display 
zoom factors or DMA are used in such a way that not all 
of the rows in the RAMs are regularly accessed during 
display raster generation and for otherwise inactive 
display memory. 



F 


Drawing Time Window 





Drawing during active display time and retrace blanking 


1 


Drawing only during retrace blanking 



Access to display memory can be limited to retrace 
blanking intervals only, so that no disruptions of the 
image are seen on the screen. 

Both commands allow a reset while preventing re- 
initialization of the internal sync generator by an 
external sync source (slave mode). 



SYNC Format Specify 

This command also loads parameters into the sync 
generator. The various parameter fields and bits are 
identical to those at the RESET command. The HDGC 
is not reset nor does it enter idle mode. 



YNC: 1 1 1 DE 



PI C F I D G 



_ The display is enabled by 
al.and blanked by a 0. 



V 



- Active display words per line 2 
Must be even number with 
bit 0. 



- Horizontal Sync Width - 1 

- Vertical Sync Width, low bits 



-Vertical Sync Width, high bits 



- Horizontal Front Porch Width - 1 



-Horizontal Back Porch Width - 
-Vertical Front Porch Width 



ALh 



_Active Display Lines per Video 
Field, high bits 



-Vertical Back Porch Width 



Vertical Sync Mo6e 

When using two or more HGDCs to contribute to one 
image, one HGDC is defined as the master sync 
generator, and the others operate as its slaves. The 
VSYNC pins of all HGDCs are connected together. 



-Accept External Vertical 
Sync — Slave Mode 



1 -Generate & Output Vertical 
Sync — Master Mode 



Slave Mode Operation 

A few considerations should be observed when syn- 
chronizing two or more HGDCs to generate overlayed 
video via the V/EXT SYNC pin. As mentioned above, 
the Horizontal Front Porch (HFP) must be four or more 
display cycles wide. This is equivalent to eight or more 
clock cycles. This gives the slave HGDCs time to 
initialize their internal video sync generators to the 
proper point in the video field to match the incoming 
vertical sync pulse (VSYNC). This resetting of the 
generator occurs just after the end of the incoming 
VSYNC pulse, during the HFP interval. Enough time 
during HFP is required to allow the slave HGDC to 
complete the operation before the start of the HSYNC 
interval. 
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Once the HGDCs are initialized and set up as master 
and slaves, they must be given time to synchronize. It is 
a good idea to watch the VSYNC status bit of the 
master HGDC and wait until after one or more VSYNC 
pulses have been generated before the display progess 
is started. The START command will begin the active 
display of data and will end the video synchronization 
process, so be sure there has been at least one VSYNC 
pulse generated to which the slaves can synchronize. 

Cursor and Character Characteristics 

In graphics mode, LR should be set to 0. The blink rate 
parameter controls both the cursor and attribute blink 
rates. The cursor blink-on time = blink-off time = 2 x 
BR (video frames). The attribute blink rate is always 
one-half the cursor rate but with a 3/4-0 n-1/4-off duty 
cycle. All three parameter bytes must be output for 
interlaced displays, regardless of mode. For interlaced 
displays in graphics mode, the parameter BRl = 3. 

When SE = 0, the HGDC, in slave mode, detects the 
falling edge of EX. SYNC on the first frame. When SE = 
1 , the HGDC, in slave mode, detects the falling edge of 
EX. SYNC on every frame. 



CCHAR: 1 



-External SYNC Enable 
_ Lines per character row - 1 
- Display Cursor if 1 



- - Blinking Cursor 
1 - Steady Cursor 



- Blink Rate, lower bits 



- Blirik Rate, upper bits 



- Cursor Bottom line number in 
the row CBOT < LR 



Display Control Commands 

Start Display and End Idle Mode 

The START command generates the video signals as 
specified by the RESETX or SYNC command. 




Display Blanking Control 

BLANK2 does not cause the resyncing of an HGDC in 
slave mode. BLANK1 does cause the resyncing of an 
HGDC in slave mode. 



BLANK1: 1 1 DE 



- The display is enabled 
by a 1, and blanked by 



BLANK2: 1 DE 



Zoom Factors Specify 

Zoom magnification factors of 1 through 16 are avail- 
able using codes through 15, respectively. 



- Zoom factor for graphics 
character writing and area 
filling 

- Display zoom factor 



Cursor Position Specify 

In character mode, the third parameter byte is not 
needed. The cursor is displayed for the word time in 
which the display scan address (DAD) equals the 
cursor address. In graphics mode, the cursor word 
address specifies the word containing the starting 
pixel of the drawing; the dot address value specifies the 
pixel within that word. 



CURS: 1 1 1 



- Execute Word Address, 
low byte 



- Execute Word Address, 
middle byte 



(Graphics Mode only) 

- Word Address, top bits 

- Dot Address within the word 
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When the WG bit Is set to one, any data following the 
WDAT command is written as is. When the WG bit is set 
to zero, the 7220A performs as the 7220 does: The 
pattern written is determined by the least significant bit 
of each parameter byte following the WDAT command. 
This bit is expanded into 16 identical bits which form 
the pattern. 

Parameter RAM Load 

From the starting address, SA, any number of bytes 
may be loaded into the parameter RAM at incrementing 
addresses, up to location 15. The sequence of para- 
meter bytes is determined by the next command byte 
entered into the FIFO. The parameter RAM stores 16 
bytes of information in predefined locations which 
differ for graphics and character modes. See the 
parameter RAM discussion for bit assignments. 



- Starting Address in 
parameter RAIVI 



- 1 to 16 bytes to be loaded 
into the parameter RAIM 
starting at the RAM address 
specified by SA 



Pitch Specification 

This value is used during drawing by the drawing 
processor to find the word directly above or below the 
current word, and during display to find the start of the 
next line. 



Drawing Control Commands 

Write Data into Display IVIemory 

Upon receiving a set of parameters (two bytes for a 
word transfer, one for a byte transfer), one RMW cycle 
into video memory is done at the address pointed to by 
the cursor EAD. The EAD pointer is advanced to the 
next word, according to the previously specified 
direction. More parameters can then be accepted. 

For byte writes, the unspecified byte is treated as all 
zeros during the RMW memory cycle. 

In graphics bit-map situations, only the LSB of the 
WDAT parameter bytes is used as the pattern in the 
RMW operations. Therefore it is possible to have only 
an all ones or all zeros pattern. If theWG bit of the third 
parameter of the CURS command is set to one, any 
byte following the WDAT command is written as is. In 
coded character applications all the bits of the WDAT 
parameters are used to establish the drawing pattern. 

The WDAT command operates differently from the 
other commands which initiate RMW cycle activity. It 
requires parameters to set up the Pattern register while 
the other commands use the stored values in the 
parameter RAM. Like all of these commands, the 
WDAT command must be preceded by a FIGS com- 
mand and its parameters. Only the first three para- 
meters need be given following the FIGS opcode to set 
up the type of drawing, the DIR direction, and DC 
value. The DC parameter +1 will be the number of 
RMW cycles done by the HGDC with the first set of 
WDAT parameters. Additional sets of WDAT para- 
meters will see a DC value of which will cause only 
one RMW cycle to be executed per set of parameters. 



The Pitch parameter (width of display memory) is set 
by two different commands. In addition to the PITCH 
command, the RESET (or SYNC) command also sets 
the pitch value. The "active-words-per-line" parameter, 
which specifies the width of the raster-scan display, 
also sets the pitch of the display memory. Note that the 
AW value is two less than the display window width. 
The PITCH command must be used to set the proper 
memory width larger than the window width. 



- Number of word addresses 
in display memory in the 
horizontal direction 



WORD, OR BYTE 



- RMW Memory cycle 
Logical Operation: 

- REPLACE with Pattern 
-COMPLEMENT 

- RESET to zero 
-SET to 1 

- Data Transfer Type: 



- Word, Low then High byte 

- Low Byte of the Word 

- High Byte of the Word 
.Invalid 



- Word Low Data Byte or 
Single Byte Data value 



- Word transfer only: 
High Data Byte 
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Mask Register Load 

This command sets the value of the 16-bit Mask 
register of the figure drawing processor. The Masl< 
register controls which bits can be modified in the 
display memory during a read-modify-write cycle. 

The Mask register is loaded both by the MASK com- 
mand and the third parameter byte of the CURS 
command. The MASK command accepts two para- 
meter bytes to load a 16-bit value into the Mask 
register. All 16-bits can be individually one or zero, 
under program control. The CURS command, on the 
other hand, puts a 1-of-16 pattern into the Mask 
register based on the value of the Dot Address value, 
dAD. If normal single-pixel-at-a-time graphics figure 
drawing is desired, there is no need to do a MASK 
command at all since the CURS command will set up 
the proper pattern to address the proper pixels as 
drawing progresses. For coded character DMA, and 
screen setting and clearing operations using the WDAT 
command, the MASK command should be used after 
the CURS command if its third parameter byte has 
been output. The Mask register should be set to all 
ones for any "word-at-a-time" operation. 



Figure Drawing Parameters Specify 



MASK: 10 10 10 



Low significance byte 



High significance byte 



Vaiid Figure Type Select Combinations 


SL 


R 


A 


GC 


L 


Operation 

















Character display mode drawing, 
individual dot drawing, DMA, WDAT, 
and RDAT 














1 


Straight line drawing 











1 





Graphics character drawing and 
area filling with graphics character 
pattern 








1 








Arc and circle drawing 





1 











Rectangle drawing 


1 








1 





Slanted graphics character drawing 
and slanted area filling 



1 11 



Drawing Direction Base 

Figure Type Select Bits: 

— Line (Vector) 

— Graphics Character 

— Arc/Circle 

— Rectangle 

— Slanted Graphics Character 



- DC Drawing Parameter 



_ Graphics Drawing flag for use in 
Mixed Graphics and Character Mode 



— D2 Drawing Parameter 



- D1 Drawing Parameter 



-DM Drawing Parameter 



The parameters take on 
different interpretations for 
different figure types. 



Figure Draw Start 

On execution of this instruction, the HGDC loads the 
parameters from the parameter RAM into the drawing 
processor and starts the drawing process at the pixel 
pointed to by the cursor, EAD, and the dot address, 
dAD. 




Only these bit combinations assure correct drawing 
operation. 
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Graphics Character Draw and Area Filling Start 

Based on parameters loaded with the FIGS command, 
this command initiates the drawing of the graphics 
character or area filling pattern stored in parameter 
RAM. Drawing begins at the address in display memory 
pointed to by the EAD and dAD values. 




Data Read Commands 

Read Data from Display Memory 

Using the DIR and DC parameters of the FIGS com- 
mand to establish direction and transfer count, multiple 
RMW cycles can be executed without specification of 
the cursor address after the initial load (DG = number 
of words or bytes). 

As this instruction begins to execute, the FIFO buffer 
direction is reversed so that the data read from display 
memory can pass to the microprocessor. Any com- 
mands or parameters in the FIFO at this time will be 
lost. A command byte sent to the HGDC will im- 
mediately reverse the buffer direction back to write 
mode, and all RDAT information not yet read from the 
FIFO will be lost. MOD should be set to 00 if no 
modification to video buffer is desired. 



The following bytes are returned by the HGDC through 
the FIFO: 



A7 


EADl 


AO 





- Execute Address (EAD), 
low byte 







i„ X — 



Execute Address (EAD), 
byte 



Execute Address (EAD), 
high bits 



Dot Address (dAD), iow byte 
Dot Address (dAD), high byte 



The execute address, EAD. points to the display 
memory word containing the pixel to be addressed. 

The dot address, dAD, within the word is represented 
as a 1-of-16 code for graphics drawing operations. 



Light Pen Address Read 




The following bytes are returned by the HGDC through 
the FIFO: 



Cursor Address Read 



- Data Transfer Type: 
-Wbrd, iow then high byte 
— Low byte of the Word only 



- High byte of the Wbrd only 



A7 


LAD^ 


AO 




A15 


LADm 


AS 










LAD„ 



- Light Pen Address, low byte 



-Light Pen Address, 
middle byte 



- Light Pen Address, high byte 



The light pen address, LAD, corresponds to the display 
word address, DAD, at which the light pen input signal 
is detected and deg I itched. 

The light pen may be used in graphics, character, or 
mixed modes but only indicates the word address of 
light pen position. 
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DMA Control Commands 

DMA Read Request 



DMA Write Request 



1 1 


TYPE 


1 


MOD 



- Data Transfer Type: 

- Word, Low then High Byte 



- Low Byte of the Word 

- High Byte of the Word 



-^RMW Memory Logical Operation: 

REPLACE with Pattern 

! COIMPLEMENT 

RESET to Zero 

SET to One 

- Data Transfer Type: 



Word, Low then High Byte 

- Low Byte of the Word 

- High Byte of the word 

- Invalid 



AC Characteristics 

Ta = to +70°C; Vcc = 5.0 V ±10%; GND = V 







7220AD Limits 


7220AD-1 Limits 


7220AD-2 Limits 




Parameter 


Symbol 


IVlin Max 


Min 


Max 


Min 


Max 


Unit Test Conditions 


Read Cycle (GDC ^ — ^ 


CPU) 














Address setup to 
RDi 


Ur 


■Q ■ 


d 









ns 


Address hold from 
RDf 

















ns 


RD pulse width 


tRH1 


tRD1+20 tRcy-1/2tcLK 


tRDi+20 


tRGY -1/2tcLK 


tRDi + 20 


tRCY-1/2tcLK 


ns 


Data delay from 
RDi 


tRD1 


75 




65 




55 


ns ; Pl^ 50 pF 


Data floating from 
RDt 


tDF 


75 





65 





55 


ns 


RD pulse cycle 


tRCY 


4tcLK 


4tcLK 




4tcLK 




ns 


Write Cycle (GDC —* 


CPU) 














Address setup to 
WRl 


Uw 














ns 


Address hold from 
WRt 




10 


10 




10 




ns 


WR pulse width 


tww 


80 twcY-tcLK 


70 


twCY - tCLK 


60 


twCY - tcLK 


ns 


Data setup to WRt 


tow 


65 


55 




45 




ns 


Data hold from WR! 


two 


■0 


10 




10 






WR pulse cycle 


%CY 


4tcLK 


4tcLK 




4tcLK 




ns 
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AC Characteristics (cent) 

Ta to +70°C; Vcc = 5.0 V ±10%; GND = V 







7220AD Limits 


7220AD-1 Limits 


7220AD-2 Limits 






Parameter 


Symbol 


MIn 


Max 


Min Max 


Min 


Max 


Unit 


Test Conditions 


DMA Read Cycle (GDC' 


— - CPU) 
















DACK setup to 
RDi 


tKR 















ns 




DACK hold fromRDt 


tpK 















ns 




RD pulse width 


tRR2 


tRD2 + 20 




tRD2 + 20 


tRD2 + 20 




ns 




Data delay from RDl 


tRD2 




1.5tcLK + 80 


1.5tcLK + 70 




1.5tcLK + 60 


ns 


Cl - 50 pF 


DREQ delay from 
2xWCLKt 


tREQ 




100 


85 




75 


ns 


Cl - 50 pF 


DREQ setup to 
DACKi 


tQK 















ns 




DACK high-level 
width 


tOK 


tCLK 




tcLK 


tCLK 




ns 




DACK pulse cycle 


tE 


4tcLK (1) 




4tcLK (1) 


4tcLK (1) 




ns 




DREQi delay from 
DACKi 


kQ(R) 




tcLK + 100 


tcLK + 90 




tcLK + 80 


ns 


Cl = 50 pF 


DACK low-level 
width 


tLK 


2tcLK 




2 tCLK 


2tcLK 






^ 


DMA Write Cycle (GDC 


* — ^ CPU) 
















DACK setup to 
WRi 

















ns 




DACK hofdfromWRt 


tWK 















ns 




RMW Cycle (GDC 


Display Memory) 














Address/data 
display from 
2xWCLKt 


Ud 


20 


105 


20 90 


15 


80 


ns 


Cl = 50 pF 


Address/data 
floating from 
2xWCLKt 


tOFF 


20 


105 


20 90 


15 


80 


ns 


Cl = 50pF 


Input data setup to 
2xWCLKi 


^DiS 















ns 




Input data hold from 
2xWCLKi 


tOIH 


tDE 




tQE 


tDE 




ns 




DBIN delay from 
2xWCLKi 


tOE 


20 


80 


20 70 


15 


60 


ns 


C|_ = 50pF 


ALEt delay from 
2xWCLKt 


^RR 


20 


80 


20 70 


15 


60 


ns 


Cl = 50 pF 


ALEi delay from 
2xWCLKi 


tRF 


20 


65 


20 55 


15 


50 


ns 


Cl = 50pF 


ALE high width 


tRW 


■1/3tcLK 




1/3tcLK 


1/3tcLK 




ns 


Cl = 50 pF 


ALE low width 


tRL 


1.5tcLK - 30 




1.5tcLK-30 


1.5 tcLK-30 




ns 




Address setup to 
ALEi 


Ua 


30 




30 


30 









Note: 



(1) For high-byte and low-byte transfers: X^ = 5 icLK- 
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AC Characteristics (cont) 

Ta = to +70°C; Vcc = 5.0 V ±10%; GND = V 







7220AD Limits 


7220AD-1 Limits 


7220AD-2 Limits 




Parameter 


Symbol 


iVIin 


IVlax 


Min 


Max 


IVIin 


IVlax 


Unit Test Conditions 


Display Cycle (GDC 


Display IVIemory) 














Video signal display 
from2xWCLKt 


tVD 




90 




80 




70 


ns Cl = 50 pF 


Input Cycle (GDC ^ — " 


Display IVIemory) 














Input signal setup to 
2xWCLKt 


tps 


10 




10 




10 




ns 


Input signal width 


tpw 


tCLK 




tCLK 




tCLK 




ns 


Clock (2XWCLK) 


Clock rise time 


tCR 




15 




15 




15 


ns 


Clock fall time 


tCF 




15 




15 




15 


ns 


Clock high pulse 
width 


tCH 


70 




61 




52 




ns 


Clock low pulse 
width 


tCL 


70 




61 




52 




ns 


Clock cycle 


tCLK 


165 


10000 


145 


10000 


125 


10000 


ns 



Capacitance 

Ta = 25 ''C; Vcc = GND = V 



Limits 



Parameter 



Symbol Min Typ Max Unit 



Test 
Conditions 



Input capacitance 
10 capacitance 



C|0 



10 
20 



Output capacitance Cqut 20 pF 

Clock input C<p 20 pF 

capacitance 



fc = 1 MHz 
Vi (unmeasured) 
= 0V 



Absolute IMIaximum Ratings (Tentative) 


Ambient temperature under bias 


to +70°C 


Storage temperature 


-65 to +150''C 


Voltage on any pin with respect to ground 


-0.5 to +7 V 


Power dissipation 


1.5 W 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

DC Characteristics 

Ta = to +70«C; Vcc = 5 V ±10%; GND = V 



DC Ciiaracteristics (cent) 

Ta = to +70''C; Vcc = 6 V ±10%; GND = V 







Limits 




Test 


Parameter 


Symbol 


Min Typ 


Max 


Unit 


Conditions 


Input low leak 
current (except 
VSYNC, DACK) 


l|L 




-10 




V|=OV 


Input low leak 
current (VSYNC, 
DACK) 


l|L 




-500 




V| = 0V 


input high leak 
current (except 
LPEN/DH) 


llH 




+10 


M 


V| = Vcc 


Input high leak 
current (LPEN/DH) 


l|H 




+500 




V| = Vcc 


Output low leak 
current 


Iql 




-10 




Vo = 0V 


Output high leak 
current 


'oh 




+10 




Vo = Vcc 


Clock input low 
voltage 


VCL 


-0.5 


0.6 


V 




Clock input high 
voltage 


VCH 


3.5 


Vcc + 1.0 


V 




Vcc supply current 


'cc 




270 


mA 











Limits 




Test 


Note: 






Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


(1) 


For 


2xWCLK, V|L = 


-0.5 to +0.6 V. 


Input low voltage 


V|L 


-0.5 




0.8 


V 


(Note 1) 


(2) 


For 


2xWCLK, V|H = 


+3.9 V to Vcc +10 V. 


Input high voltage 


V|H 


2.2 




Vcc + 0.5 


V 


(Notes 2. 3) 


(3) 


For 


WR, V|H = 2.5 V 


to Vcc +0.5 V. 


Output low voltage 


Vol 






0.45 


V 


Iql = 2.2 mA 










Output high voltage 


VOH 


2.4 






V 


IOH = -400/iA 
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AC Testing Conditions 

Input Waveform for AC Test (Except 2xCCLK) 



2.4 - 
0.45- 



2.2 



0.8 



2.2 



Output Waveform for AC Test 



2.0 



4 



2.0 



0.8 



Clock Timing (2xCCLK) 



Timing Waveforms 

Microprocessor interface Write Timing 



: Invalid ) 


' Valid 


^ Invalid X Valid 




tAwH 


r 


twA 




: \ 


r 

two"*" 1 




tow 


invalid I ) 


' Valid X Invalid | 



Timing Waveforms (cent) 

Microprocessor interface DMA Write Timing 



2XWCLK: J 




J' 



twH (WR t to HSYNC t ) ^ tcLK 
Ikh (DACK i to HSYNC T ) > tcLK 




Microprocessor interface DMA Read Timing 



HSYNC / 



2XWCLK: 



7^ 



-toK- 



RD: 



*KQ(H) 
-tLK 



High Impedance 



=HtR 

to 



>— — — — ' ' : Imnei 



Impedance 



Microprocessor interface Read Timing 



AO: Invalid ) ( Valid K Invalid V 



High 



impedance 



High Impedance 



-tRC 
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Timing Waveforms (cont) 

Display Memory Display Cycle Timing 



2XWCLK 




ATT-BLINK-CLC 



Display Memory RMW Timing 



2XWCLK 



AD0~15:- 



h" *op| * '"ysL— ^ 

^ Valid j 



A16, A17: 



ALE: 



-E1- 



E3- 




Output Address Input Data 



tAD ^~tAA 



^ — f 



-E4 — 



Valid 



Output Data 



-tRL- 



Dlsplay and RMW Cycles (1x Zoom) 



Display or RMW 
Cycle 
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Timing Waveforms (cont) 

Display and RMW Cycles (2x Zoom) 
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Timing Waveforms (cont) 

Display and RMW Cycles (3x Zoom) 
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Timing Waveforms (cont) 

Light Pen and External Sync Input Timing 



Clocic Timing (2xWCLK) 



LPEN," 
EX. SYNC:. 



tcR tc- 




Video Sync Signals Timing 



2xWCLK: 



HBLANK: 
HSYNC: 



AD0-15:[3C 
LCO-4: ~" 



X 



D<3:::::x 



Dc:::x 



x: 



-.tz 



-1 H - 



1- 



I 



AD0.i5:3poc::Dcxxc::xo(x::::::::::::::::::::::::::x)Ooc::xc 



Row: 



:xii:::dc 



::zx 



:z)c 



I 



DC 



;::xi 



-IY(Frame)- 



interlaced Video Timing 



HBLANK: jL_jl_rL.-JLJL--JLJT H H TLJL^JLJL- 

j i_ I I II II 

VBLANK: 



■1 T 



VSYNC: I 
(Interlace)""!" 



I I 
I 1 



I 



- Odd Field - 



VSYNC: 
(No Interlace)- 
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Timing Waveforms (cont) 

video Horizontal Sync Generator Parameters 




Video Vertical Sync Generator Parameters 




Cursor— Image Bit Flag 



— »| |«— tCLK 

juuin 



CRS-lmage 



^ 
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Block Diagram of a Graphics Terminal 



Graphics 

Input 
Devices 



Mass 
Storage 
Oisl< 



Character 
Generator 
ROM 



Serial 
Commu- 
nications 



XT 



Video 
Shift 
Register 



Video 
Output 
Circuit 



Light Pen 
Detect 
Circuit 



Multiplane Display Memory Diagram 



vo A 

0,5 ^ 



■A 



V-^ Registers V-*' 



RAMS DO 
ADR 



2£ 



RAMS DO 
ADR 



3T 



> 



3£ 



RAMs DO 
ADR 



> 



□I 

RAMS DO ' 
ADR 



; DQ 

rV 



Char 
Gen 



Attri 
Logic 



Character 
Video 
Output 
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jiiPD72020 

CMOS Graphics Display Controller 



Description 

The jLtPD72020 is an enhanced graphics display control- 
ler resulting from the implementation of CMOS technol- 
ogy on the ^iPD7220A. 

In addition to the functions of the jLtPD7220A, the 
^PD72020 incorporates address space expansion, video 
RAM control, and write mask functions. It is suitable for 
a wide range of applications from simple display termi- 
nals to high-resolution graphics display devices. 

This data sheet covers only functions additional to those 
of the ^iPD7220A. For further details of the jiPD72020, 
refer to the iuPD72020 User's Manual. 

Features 

□ Enhanced functions compared with the /[*PD7220A 

— Video memory space: 2M bytes maximum 
(1M 16-bit words) 

— Control of dual-port RAM (video RAM) 

— Write-masking of any desired bit 

— Enhanced external synchronization function 

— CMOS technology 

□ ^PD7220A-compatible functions 

— High-speed graphics drawing: 500 ns/dot 
(operating at 8 MHz) 

— Selection of drawing timing: flashless/flash mode 

— Drawing of straight lines, arcs, quadrilaterals, 
graphic characters 

— Any kind of line specifiable 

~ Four different dot-correction modes 

— Enlarged drawing/enlarged display 

— Panning and scrolling 

— Automatic cursor shifting 

— Attributes assignable character by character 

— Interlaced/noninterlaced scanning 

— DRAM refreshing 

— Master/slave operation 

— Video memory control independent of main 
memory 

— 16 X 9-blt on-chip input/output FIFO 

— DMA control 

— Single +5-volt power supply 
Applications 

Some application functions implemented by use of this 
product in conjunction with other products may infringe 
on U.S. Patent No. 4,197,590 and Re. 31,200 etc. held by 
CADTRAK Corporation of the United States, and the 



corresponding patents in various countries. Problems 
may arise from such patents even when a different 
graphics display controller or discrete circuitry is used, 
and thus resolution on the basis of this product alone is 
not possible. Therefore, the user is requested to under- 
take as his or her own responsibility an investigation of 
measures to cope with this situation before designing an 
application system. 



Ordering Information 



Part No. 


Package 


iaPD72020G-8 


40-pin plastic DIP 


iaPD72020GC-8-3B6 


52-pln plastic minif lat 


Pin Configurations 




40'Pin Plastic DIP 





2xCCLK 


C 


"1 




□ 


VDD 


DBIN 


C 


2 


39 


□ 


Ai7 (CSR-LC4) [GSR-IMAGE] 


HSYNC-REF 


C 


3 


38 


□ 


Ai6(LC3)[AT.BLINK-CLC] 


VSYNC/EX. SYNC 


c 


4 


37 


□ 


ADi5(LC2) 


BLANK 


c 


5 


36 


□ 


AD14 (LCI) 


RAS 


i: 


6 


35 


□ 


AD13 (LOO) 


DRQ/A18 (A13)[A16] 


□ 


7 


34 


□ 


AD12 


DACK/A19(A14)[A17] 


c 


8 


33 


□ 


AD11 


RD 


c 


9 


32 


□ 


AD10 


WR 


c 


10 


31 


□ 


ADg 


AO 


c 


11 


30 


□ 


AD8 


DBo 


c 


12 


29 


□ 


AD7 


DBi 


c 


13 


28 


□ 


AD6 


DB2 


□ 


14 


27 


□ 


AD5 


DB3 


□ 


15 


26 


□ 


AD4 


DB4 


c 


16 


25 


□ 


AD3 


DB5 


E 


17 


24 


□ 


AD2 


DB6 


C 


18 


23 


□ 


ADi 


DB7 


C 


19 


22 


□ 


ADO 


GND 


C 


20 


21 


□ 


LPEN/WAIT/DT 



Character mode 



[ ] Character/graphics combined mode 

83SL-5704A 



50061 
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S2'Pin Plastic Miniflat 



P 8 



r«- <o m 



NC 

AD15 (LC2) 



Al6 (LC3) [AT. BLINK- CLC] 
Ai7 (CSR-LC4) [CSR-IMAGE] 
VDD 
VDD 
IC 

2X CCLK 
DBIN 
HSYNC-REF 
VSYNC/EX.SYNC 
BLANK 
NC 



^ g § g § § § 

n n n n n n n n n n n n n 



Q Q O 
< < 2 



3 
4 

5 i 
6 

8 

9 



0> CO N <D lO CO CM 

^ '•r ^ "(I- ^ ""I- 



39 3 
38 3 
37 D 
36 3 
35 p 
34 



33 
32 
31 

dlO 30 
C 11 29 
C 12 28 
qi3 27 
? ^ gg^c^i^g^a^^ 

uuuuuuuuuuuuu 



NC 

AD3 

AD2 

AD1 

ADo 

LPEN/WAIT/DT 
IC 

GND 
GND 
DB7 
DB6 
DBS 
NC 



O O V- CM CO 
< CD CD CD CD 
O O Q O 



Character mcxje 

[ ] Character/graphics combined mode 



83SL5705B 



Pin Identification 



Symbol 


Function 


AO 


Address select input for microprocessor 




Interface 


AD0-AD12 


Address-data lines to display memory 


AD13/LCO, AD14/LCI, 


See text and table 3. 


AD15/LC2 




Aie/LCS/AT.BLINK-CLC, 


See text and table 3. 


A17/CSR-LC4/CSR-IMAGE 




BLANK 


CRT blanking output 


BACK/A19/A14/A17 


See text and table 1. 


DB0-DB7 


Bidirectional data bus to host 




microprocessor 


DBIN 


Display memory read input flag 


DRQ/A18/A13/A16 


See text and table 1. 



HSYNC-REF Horizontal video sync output 



Symbol 


Function 


LPEN/WAIT/ST 


See text and table 2. 




Row address strobe 


m 


Read strobe input for microprocessor 




interface 


VSYNC/EX.SYNC 


\Asrtical video sync output or external 




VSYNC input 


Wr 


Write strobe Input for microprocessor 




interface 


2xCCLK 


Clock input 


GND 


Ground 


Vdd 


+ 5-volt power supply 


IC 


Internal connection 


KG 


No connection 
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PIN FUNCTIONS 

Pins on the ^PD7220A and the iuPD72020 have similar 
functions. Differences are described below. 

Pins DRQ and DACK 

The functions of these pins depend on the setting of the 
PN bit by the WMASK command, which validates the 
address extension functions See table 1. 

Ai3, Ai4, A16-A19. When the address extension function 
is selected by setting PN of the WMASK command, the 
upper 2 bits (of the extended address) are output in the 
video memory in each display/draw mode. 

After the address extension function has been selected, 
the DMA-related functions cannot be used. Use the CHR 
and G bits of the SYNC command to set the display/ 
draw mode (as with the ^aPD7220A). 

DRQ (DMA Request). When the DMAR or DMAW com- 
mand is executed, the DMA request signal is output. 
This signal is input to the DRQ pin of the DMA controller. 

After the DMA-related functions have been selected, the 
address extension functions cannot be used. 

DACK (DMA Acknowledge). A signal Indicating DMA 
transfer is input. This signal is output from the DACK pin 
of the DMA controller. 



Pin LPEN/WAIT/DT 

The functions of this pin depend on the setting of the DTE 
bit by the WMASK command, which validates the DT 
signal generation function. See table 2. 

DT (Data Transfer). When the DT signal generation 
function is selected by setting DTE of the WMASK 
command, the DT signal is output to indicate the display 
address supply timings for the ^PD41264-type video 
RAMs (VRAMs). 

After the DT signal generation function has been se- 
lected, the LPEN and WAIT functions cannot be used. 

LPEN (Light Pen Strobe). When the light pen detects a 
light input, the H-level signal is input. 

After the LPEN function has been selected, the DT signal 
generation function cannot be used. 

WAIT (Drawing Wait). When a signal that remains at the 
H-level for a period of at least four clocks is input in the 
drawing stop mode, the mPD72020 will stop drawing 
temporarily if it is executing drawing and output a 
display address. 

After the WAIT function has been selected, the DT signal 
generation function cannot be used. 

Pins AD13-AD15, A16, and A17 

The functions of some other pins depend on the operat- 
ing mode: character, graphics, or character/graphics 
combined. See table 3. 



Table /. Pin Functions Available Through Address Extension 

Pin Symbol PN Bit (WMASK Command) Action Mode I/O Pin Function 

DRQ/Ai8/Ai3/A-|6 Action similar to ]aPD7220A Output DRQ 

1 Address extension Graphics Output A^q 

Ciiaracter Output A13 

Combined Output A-je 

DACP(/Ai9/Ai4/Ai7 Action similar to |aPD7220A Input DACK 

1 Address extension Graphics Output Aig 

Character Output A14 

Combined Output A17 



Table 2. Pin Functions Available Through DT Signal Generation 



Pin Symbol 


DTE Bit (WMASK Command) 


Action 


I/O 


Pin Function 


LPEN/WAIT/DT 





Action similar to jttPD7220A 


Input 


LPEN/WAIT 




1 


dT signal generation 


Output 


DT 
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Tabic 3. Multifunction Pins ADis-ADis, Afc, andAfz 



Pin Symbol 


Mode 


I/O 


Function 


AD13-AD15 


Graphics; combined 


I/O 


Address-data lines 13-15 to display memory 


LC0-LC2 


Character 


Output 


Line counter bits 0-2 


A16 


Graphics 


Output 


Address bit 16 


LC3 


Character 


Output 


Line counter bit 3 


AT.BLINK-CLC 


Combined 


Output 


Attribute blink and clear line counter 


A17 


Graphics 


Output 


Address bit 17 


CSR-LC4 


Character 


Output 


Cursor and line counter bit 4 


GSR-IMAGE 


Combined 


Output 


Cursor and bit-map area flag 



ADDED BLOCK FUNCTIONS 

Refer to the iLiPD72020 Block Diagram and the System 
Cohfiguratlon Diagram. 



Video RAM Control 

Additional blocks generate the DT signal, which indi- 
cates the display-address supply timings for the video 
RAMs. Data within the RAMs can be transferred to the 
serial register. 

Pin Extension Control 

The video memory address is extended 2 bits (with the 
address space extended fourfold) in each of the charac- 
ter, character/graphics combined, and graphics modes. 

These bits are used for both DACK pin and DRQ pin In 
each mode: A14 and A13; A17 and Aig; A19 and Aiq. 

WMASK Register 

This 16-bit register is used to mask the data for multi- 
color synchronous drawing with one word in 8/4/2/1 -bit 
configuration. 

IMPROVED FUNCTIONS 

The )iiPD72020 functions have been improved while 
maintaining compatibility with the iLiPD7220A in both 
hardware and software. Table 4 compares functions of 
the /iPD72020 and the fiPD7226A. 

The iaPD72020 is initialized by reset input so that it can 
function similarly to the iuPD7220A. 
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fiPD72020 Block Diagram 



GDC- 
Video Memory 
Control 



DBIN 



RAS 



ADo -AD12 
AD13/LCO 
AD14/LCI 
AD15/LC2 



A16/LC3/ 
AT.BLINK. CLC. 



A17/CSR.LC4/ o-« 
CSR. IMAGE 

LPENWAIT/DT 



+5V O 
GND O 



2XCCLK o- 



BUNK 



VSYNC/EX, SYNC 0-« 



HSYNC.REF O- 



AO O- 



RD O- 



WR O- 



DRQ/A18/A13/A16 O- 



DACK/A19/A14/A17 o- 



DBo -DB7 0-« 



Drawing Address Controller 



DIR 
(3) 



DM 
(14) 



DC 
(14) 



D 

(14) 



D2 
(14) 



Dl 
(14) 



EAD 
(20) 



Display Address Controller 



DAD 
(20) 



REF 



Synchronizing Signal Generator 



CST 
(5) 



BLINK 
(5) 



(10) 



VBP 
(6) 



VFP 
(6) 



C/R 
(7) 



HBP 
(6) 



HFP 
(6) 



Video Memory Data Controller 



dAD 
(16) 



PS 
(16) 



MOD 
(16) 



Buffer 



Sr 




Legend 

^iWBwJI M-PD7220A 
( ) Bits 



Command 
Control 
ROM 



Input/Output 
FIFO 
16x9 



77 



CPU Interface 
DMA Controller 
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System Configuration Diagram; fiPD72020 Witft Video RAM Control Signal DT 



Data Bus 



Address Bus 



HPD72020 



RD - 
"WR- 

\OlU- 



BLANK 
DB? -DBo 
AO 



AD15-AD0 



RD 
WR 



DT 



DBIN 
A17-A16 



Delay 
Ckt 



- VSYNC 
. HSYNC 



5RA 
Latch 



CA 
Latch 



EN OE 



Delay 
Ckt 



Delay 
Ckt 



Decoder 



Clock 
Gen 








Shift 
Control 





Memory Planes 



^ J- . 



Di5-Do 
A7 -A 



Video RAM 

(4x 
P.PD41264) 



Parallel Ljr--*\ 

soi5-sooz;> _L>H 



RAS 
CAS 



WE 



L _ znr—rzr. 



-*-R 

G 

([) — ^ B 
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Table 4. Comparison of/iPD72020 and juPD7220A Functions 



^PD72020 



^iPD7220A 



WMASK Command 



WMASK command is used to validate tlie new functions of the 
iaPD72020. 



WMASK command is not used. 





DB7 


DB6 


DBS 


DB4 


DBS 


DB2 


DB1 


DBO 


CMD 





1 





1 


1 





1 





PI 


WMKL 


P2 


WMKH 


P3 


PN 


TM 


DTE 


CY1 


CYO 












WIVIK Sets the WMASK register value. 

PN Sets the address extension function. 

TM Changes the initializing timing of the horizontal synchro- 
nization counter in the slave mode for external synchroni- 
zation, and sets the initializing function of the field 
counter. 

DTE Sets the function of generating the OT signal. 

CY Set the Df signal output mode and the BLANK signal 
mask. 



IPEN Command 



Light pen address (LAD) is extended 2 bits by setting PN of the 
WMASK command. 

PN Same as jnPD7220A 

1 EAD is extended 2 bits. 



Light pen address (LAD) extension function is not available. 





DB7 


DB6 


DBS 


DB4 


DBS 


DB2 


DB1 


DBO 






DB7 


DB6 


DBS 


DB4 


DBS 


DB2 


DB1 


DBO 


CMD 


1 


1 





















CMD 


1 


1 




















D1 


LADL 




D1 


LADL 


D2 


LADM 




D2 


LADH 


D3 


X 


X 


X 


X 


LADH 




D3 


X 


X 


X 


X 


X 


X 


LADH 



CSRW Command 



Draw execution address (EAD) is extended 2 bits by setting PN of 
the WMASK command. 

PN Same as jaPD7220A 

1 EAD is extended 2 bits. 



Draw execution address (EAD) extension function is not available. 



Character Mode 





DB7 


DB6 


DBS 


DB4 


DBS 


DB2 


DB1 


DBO 


CMD 





1 








1 








1 


PI 


EADL 


P2 





EADH 





DB7 


DB6 


DBS 


DB4 


DBS 


DB2 


DB1 


DBO 


CMD 





1 








1 








1 


P1 


EADL 


P2 











EADH 
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Table 4. Comparison ot/iPDf72O20 andMPD7220A Functions (cont) 
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jttPD72020 ^tPD7220A 



CSRW Command (cont) 



Character/Graphics Combined Mode (Character Display) 





DB7 


DB6 


DBS 


DB4 


DBS 


DB2 


DB1 


DBO 


CMD 





1 








1 








1 


P1 


EADL 


P2 


EADM 


P3 




















EADH 





DB7 


DB6 


DBS 


DB4 


DBS 


DB2 


DB1 


DBO 


CMD 





1 








1 








1 


PI 


EADL 


P2 


EADH 



Character/Graphics Combined Mode (Graphics Display/Drawing) 





DB7 


DB6 


DBS 


DB4 


DBS 


DB2 


DB1 


DBO 






DB7 


DB6 


DBS 


DB4 


DBS 


DB2 


DB1 


DBO 


CMD 





1 








1 








1 




CMD 





1 








1 








1 


P1 


EADL 




PI 


EADL 


P2 


EADM 




P2 


EADH 


P3 


dAD 








EADH 




PS 


dAD 


WG 











P4 


WG 










































Graphics Mode 





DB7 


DB6 


DBS 


DB4 


DBS 


DB2 


DB1 


DBO 






DB7 


DB6 


DBS 


DB4 


DBS 


DB2 


DB1 


DBO 


CMD 





1 








1 








1 




CMD 





1 








1 








1 


PI 


EADL 




PI 


EADL 


P2 


EADM 




P2 


EADM 


P3 


dAD 


EADH 




PS 


dAD 


WG 





EADH 


P4 


WG 










































CSRR Command 

Draw execution address (EAD) is extended 2 bits by setting PN of Draw execution address (EAD) extension function Is not available, 
tlie WMASK comnnand. 

PN Same as jaPD7220A 

1 EAD is extended 2 bits. 





DB7 


DB6 


DBS 


DB4 


DBS 


DB2 


DB1 


DBO 


CMD 


1 


1 


1 

















D1 


EADL 


D2 


EADM 


D3 


X 


X 


X 


X 


EADH 


D4 


dADL 


D5 


dADH 





DB7 


DB6 


DBS 


bB4 


DBS 


DB2 


DB1 


DBO 


CMD 


1 


1 


1 

















D1 


EADL 


D2 


EADM 


D3 


X 


X 


X 


X 


X 


X 


EADH 


D4 


dADL 


D5 


dADH 
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Table 4. Comparison of/tPD72020 and/iPD7220A Functions (cont) 



]tiPD72020 



^iPD7220A 



SCROUL Command 



Display start address (SAD) is extended 2 bits by setting PN of tlie Display start address (SAD) extension function is not available. 
WMASK command. 



PN Same as jaPD7220A 

1 SAD is extended 2 bits. 



Character Mode 
Built-in RAM Map 





MSB 












LSB 


RA 


Contents or RAM 





SAD1L 


1 





SAD1H 


2 


SL1L 














3 


* 





SL1H 


4 


SAD2L 


5 





SAD2H 


6 


SL2L 














7 


* 





SL2H 


8 


SAD3L 


9 





SAD3H 


A 


.SL3L 














B 


* 





SL3H 


C 


SAD4L 


D 





SAD4H 


E 


SL4L 














F 


* 





SL4H 





MSB 














LSB 


RA 


Contents or RAM 





SAD1L 


1 











SAD1H 


2 


SL1L 














3 


* 





SL1H 


4 


SAD2L 


5 











SAD2H 


6 


SL2L 














7 


* 





SL2H 


8 


SAD3L 


9 











SAD3H 


A 


SL3L 














B 


* 





SL3H 


C 


SAD4L 


D 











SAD4H 


E 


SL4L 














F 


* 





SL4H 



*DAD+2 



*DAD+2 
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Table 4. Comparison of/iPO72020 and fiPD7220A Functions (cont) 



fiPD72020 



iiiPD7220A 



SCROLL Command (cont) 



Character/Graphics Combined Mode (Character Display) 
Built-in RAM Map 



*DAD+2 





MSB 










LSB 


RA 


Contents of RAM 





SAD1L 


1 


SAD1M 


2 


SL1L 








SAD1H 


3 


* 





SL1H 


4 


SAD2L 


5 


SAD2M 


6 


SL2L 








SAD2H 


7 


* 





SL2H 


8 


SAD3L 


9 


SAD3M 


A 


SL3L 








SAD3H 


B 


* 





SL3H 


C 


SAD4L * 


D 


SAD4M 


E 


SL4L 








SAD4H 


F 


* 





SL4H 





MSB 












LSB 


RA 


Contents of RAM 





SAD1L 


1 


SAD1H 


2 


SL1L 














3 


* 





SL1H 


4 


SAD2L 


5 


SAD2H 


6 


SL2L 














7 


* 





SL2H 


8 


SAD3L 


9 


SAD3H 


A 


SL3L 














B 


* 





SL3H 





SAD4L 


D 


SAD4H 


E 


SL4L 











0, 


F 


* 





SL4H 



*DAD+2 



Character/Graphics Combined Mode (Graphics Display/Drawing) 
Built-in RAM Map 





MSB 










LSB 


RA 


Contents of RAM 





SAD1L 


1 


SAD1M 


2 


SL1L 








SAD1H 


3 


* 


iM 


SL1H 


4 


SAD2L 


5 


SAD2M 


6 


SL2L 








SAD2H 


7 


* 


IM 


SL2H 



*DAD + 2 





MSB 












LSB 


RA 


Contents of RAM 





SAD1L 


1 


SAD1H 


2 


SL1L 














3 


* 


IM 


SL1H 


4 


SAD2L 


5 


SAD2H 


6 


SL2L 














7 


* 


IM 


SL2H 



*DAD+2 
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Table 4. Comparison offiPD72020 and fiPD7220A Functions (coni) 



fiPD72020 



fiPD7220A 



Scroll Command (cont) 



Graphics Mode 
Built-in RAM Map 





MSB 






LSB 


RA 


Contents or RAM 





SAD1L 


1 


SAD1M 


2 


SL1L 


SAD1H 


3 


* 


IM 


SL1H 


4 


SAD2L 


5 


SAD2M 


6 


SL2L 


SAD2H 


7 




iM 


SL2H 



*DAD+2 





MSB 










LSB 


RA 


Contents or RAM 





SAD1L 


1 


SAD1M 


2 


SL1L 








SAD1H 


3 


* 


IM 


SL1H 


4 


SAD2L 


5 


SAD2M 


6 


SL2L 








SAD2H 


7 


* 


IM 


SL2H 



*DAD+2 
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COMMANDS 

The juPD72020 supports all commands of the /iPD7220A. 
Although command names are different, opcodes are the 
same. The7iPD72020 can activate the software created 
for use with the /aPD7220A. 

The improved functions of the /iPD72020 can be used by 
setting the new WMASK command. Once the RESET 
command is input, however, the WMASK command 
becomes inactive and the /LtPD72020 maintains the same 
functions as those of the iaPD7220A. 

This section describes the WMASK command as well as 
the SCROLL, LPEN, CSRW. and CSRR commands, 
which are affected by the setting of the WMASK com- 
mand. 

WMASK Command 

This new command (figure 1) controls four new func- 
tions. 

• WMASK register setting 

• Address extension 

• Selection of additional functions in the external slave 
mode 

• DT signal generation 



Figure 1. vmASK Command Format 





DB7 


DB6 


DBS 


DB4 


DBS 


DB2 


DB1 


DBO 


CMD 





1 





1 


1 





1 





P1 


WMKL 


P2 


WMKH 


P3 


FN 


TM 


DTE 


CY1 


CYO 












WMK Bit. The iiiPD72020 Is equipped with the conven- 
tional MASK register and a 16-bit WMASK register. The 
WMK bit is used to set this WMASK register. 

The 16-bit WMASK register is used for write mask of the 
multicolor, simultaneously-drawn data with one word set 
in 8-, 4-, 2- and 1-bit formats. Each bit of the WMASK 
register corresponds to each bit of the drawn data. 

(1) When a WMASK register bit is set to by the WMK, 
the drawn data bit corresponding to the WMASK 
register bit set to is not affected by drawing. 

(2) When a WMASK register bit is set to 1 by the WMK, 
operation is similar to the ^PD7220A. Thus, the 



drawn data bit corresponding to the WMASK register 
bit set to 1 is affected by drawing. 

When the RESET command is input, the iaPD72020 is 
set to this mode. 

FN Bit. PN is used to set the address extension function 
for the video memory 

(1) WhenPN = 0, operation is similar to the /iPD7220A. 
Thus, the address extension function cannot be 
used. 

When the RESET command is input, the /iPD72020 is 
set to this mode. 

(2) When PN = 1, the video memory address is extended 
2 bits (with th^ address space expanded fourfold). 

The DRQ/A18/A13/A16 pin and the DACK/A19/A14/A17 
pin output the upper 2 bits of the extended address. 
The DMA-related functions cannot be used. 

The address to be output depends on the display and 
drawing modes. See table 1. The address space is 
shown in table 5. 

Tabic 5- Address Space With Extended Address 





Character 


Character/Graphics 


Graphics 




Mode 


Combined Mode 


Mode 


Address 


15 bits 


18 bits 


20 bits 


space 


(32K words) 


(256K words) 


(1M words) 



As the address space is expanded, the following com- 
mand bits are also extended. 

• LAD bit of LPEN command 

• EAD bit of CSRW command 

• EAD bit of CSRR command 

• SAD bit of SCROLL command 

Refer to the description of each command for details. 

TM Bit. TM has been added to solve the following two 
problems with the jaPD7220A. 

• Because the vertical and horizontal counters are 
initialized at the start of VFP and HFP, respectively, 
when the external synchronizing signal is input to the 
^PD7220A, horizontal positioning cannot be readily 
done for synchronization with the jaPD7220A by input- 
ting a synchronizing signal from the external device. 
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• When the mPD7220A is operated in the interlace mode, 
input of the external synchronizing signal causes no 
effect on the field counter. Thus, if the synchronizing 
signal is unconditionally input from the external de- 
vice when the /iPD7220A is in the second field, the 
second and first fields are reversed in subsequent 
frames and the fields do not conform with the external 
device. 

When the mPD72020 operates in the slave mode for 
external synchronization, the setting of the TM bit will 
cause the ^PD72020 to operate differently from the 
/[iPD7220A in the following operations. 

• The timing of initializing the horizontal synchronous 
counter is changed. 

• The initializing function of the field counter is vali- 
dated. 



When TM = 0, the function similar to the external 
synchronizing function of the fiPD7220A is carried out. 
When the RESET command is input, the /iPD72020 is set 
to this mode. 

When TM = 1, the following two operations differ from 
those of the /iPD7220A. 

(1) When the RESET command is executed or the 
EX SYNC (external synchronizing signal) is input, 
the horizontal counter is reset at the rising edge of 
the HS. See figure 2. 

(2) When the RESET command is executed in the inter- 
lace mode or the EX.SYNC signal is input, the field 
counter is unconditionally reset to the first field 
mode. 

Thus, the VSYNC signal in the second field should be 
removed externally so that the synchronizing signal 
applied to the EX.SYNC pin serves as the VSYNC 
signal in the first field (in the interlace mode). 



Figure 2, Horizontal Counter Resei Timing 



J 



r 



n T' 

VBP 



-HS- 



HBP-4* 



-C/R- 



^HFP-» 



17F 



VFP 



% Reset position when TM » 1 
O Reset position wlien TM-0 
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DTE, CY1 , CYO Bits. To prevent the display screen from 
becoming blurred during drawing operations, the 
^PD7220A normally performed drawing in the flashless 
drawing mode. Thus, the drawing period was limited and 
it was difficult to improve the drawing efficiency. 

To solve this problem, video RAMs can be used for the 
AtPD72020. Through the use of VRAM s. both drawing and 
display can be carried out simultaneously in the flashless 
drawing mode with the result that the drawing efficiency 
can be improved. DTE, CY1, and CYO are used to control 
the iaPD41264-type VRAMs and the BLANK signal. 



Table 6. DT Signal Output Modes 



DTE 


CYl 


CYO 


Function 











GDC mode 








1 


GDC mode 1 (BLANK signal mask t) 





1 





Inhibited 





1 


1 


Inhibited 










DT signal output mode (BLANK sig- 
nal mask t) 







1 


Inhibited 




1 





DT signal output mode 1 (BLANK sig- 
nal mask t) 




1 


1 


DT signal output mode 2 (BLANK sig- 
nal mask t) 



t If the jaPD72020 has started drawing operations in the display 
mode, the BLANK signal is not set to H. 



DTE = 0. Operation is similar to the jaPD7220A. The DT 
signal functions cannot be used. The LPEN/WAIT/DT pin 
performs the LPEN or WAIT functions. 



The following two modes are available by setting CYl or 
CYO (table 6). 

(1) GDC mode operation Is similar to the /aPD7220A. 
Whenthe RESET command is input, the mPD72020 is 
set to this mode. 

(2) GDC mode 1 operation iis similar to GDC mode 
except if the /[APb72020 starts drawing operations 
during the display period, the BLANK signal is not 
set to H even in the flash screen rpode. 

DTE = 1. The DT signal functions are enabled and the 
DT signal is output from the LPEN/WAIT/DT pin. The DT 
signal is used for display timing when the display mem- 
ory consists of dual-port video RAMs. the VRAMs allow 
drawing during both drawing and display cycles. 

When DTE is set to 1 , the /nPD72020 internally tracks the 
display address and outputs it and the DT signal under 
either of two conditions. 

(1) At the start of every horizontal scan line (figure 3). 

(2) When the lower 8 bits of the display address (DAD) 
internal counter are 0. 

The starting display address should be set before setting 
DTE to 1. The /iPD72020 will temporarily stop a drawing 
operation before issuance of the DT signal, as in the case 
of the /iPD7220A WAIT function. 

The DT signal output timing depends on the setting of 
the IM Aid DAD42 bits of the SCROLL command. CYO 
and CYl determine which of the following three DT 
signal output modes is used. 
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Mode With DTE = 1. In mode 0, the DT signal is 
output as shown in figure 4. 

(1) At the start of every horizontal scan line. 

(2) When the lower 8 bits of the DAD counter change 
from FEH or FFH to OOH. 

Additionally, the DT signal active state in mode has the 
following qualifications. 

(1) DT may become active in succession; for example, 
when the DAD counter changes to OOH just after the 
start of a horizontal scan line as in figure 4C. 

(2) When the lower 8 bits of the DAD counter become 
OOH in succession, DT becomes active during the 
first cycle only See figure 4D. 

(3) DT will not become active during HFP, HS, HBP, VFP, 
VS, or VBP periods. 

Mode 1 With DTE = 1 . In mode 1 , the DT signal is ouput 
as shown in figure 5A. 

(1) At the start of every horizontal scan line. 

Figure 3, dT Signal Output for Eacii Horizontal Line 



(2) When the lower 8 bits of the DAD counter change 
ffom FEH or FFH to OOH. 

Additionally, the ST signal active state in mode 1 has the 
following qualifications. 

(1) DT may become active in succession. 

(2) When the lower 8 bits of the DAD counter change to 
OOH in succession, DT is active only during the first 
cycle. 

(3) DT can become active during HFP, HS, HBP, VFP, VS, 
or VBP periods. 

(4) dT will not become active while the DMA refresh 
operation is disabled (D-bit of SYNC command set to 
1). 

(5) DT becomes active every four cycles. 

Mode 2 With DTE = 1. In mode 2, the DT signal output 
is the same as described for mode 1 except DT is active 
every eight cycles instead of every four cycles. See figure 
5B. 



BLANK 



CGDC Operations 



-HBP- 



Display Period 



V 



Data Transfer Cycle 



E4 


E1 


E2 


E3 


E4 


DT1 


DT2 


D1* 


D2* 


E1 


E2 


E2 


E3 


E4 


D1* 


D2* 


DT1 


DT2 


D1* 


D2* 


E1 


E2 



Symbols 

DT Display cycle (data transfer cycle). DT signal is active. 

D* Dummy display cycle. DT signal is inactive. 

E Drawing cycle. If no data is drawn, display cycle is set. 
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Figure 4. DT Signal Output, Mode (Slieet 1 of 2) 



A. Bit IM = and Bit DAD+2 =: 
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B. Bit IM = and Bit DAD+2 = 1 
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XX 
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02 


04 


06 


08 


OA 


OC 


OE 


10 


12 


14 
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HSYNC ^ 
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-HBP- 
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Cvcle 


E 


D* 


DT 


DT 


D* 


E 


E 


E 


E 


E 


Symbols 

DT Display cycle (data transfer cycle). DT signal is active. 

D* Dummy display cycle. DT signal is inactive. 

E Drawing cycle. If no data is drawn, display cycle is set. 

83SL-5708B 
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Figure 4. DT Signal Output, Uotle (Slieet 2 of 2) 



C. Bit IM = 1 and Bit DAD4-2 = 
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Figure 5. DT Signal Output, Mode 1 and Mode 2 
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Symbols 

DT Display cycle (data transfer cycle). DT signal is active 

D* Dummy display cycle. DT signal is inactive. 

E Drawing cycle. If no data is drawn, display cycle is set. 

[1 ] DT becomes active at display cycle start. 

[2] DT becomes active when counting of the DAD lower 
8 bits has terminated (FEH or FFH changes to OOH). 

[3] DT becomes active every four cycles as controlled by 
counter that resets at diplay cycle start. 

[4] DT becomes active every eight cycles. 
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LPEN Command 

When the address extension function is set by the 
WMASK command (with PN set to 1), the upper 2 bits of 
the light pen address (LAD) in the LPEN command are 
extended and a maximum of 20 bits can be used. 

When PN = 0, the light pen address (LAD) is the same as 
with the jaPD7220A. 

The LPEN command format with the extended LAD is 
shown in figure 6. 



Figure 6. LPEN Command Format 
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D2 


LADM 


D3 


x 


x 


x 


X 


LADH 



CSRW Command 

When the address extension function is set by the 
WMASK command (with PN set to 1), the upper 2 bits of 
the drawing execution address (EAD) in the LPEN com- 
mand are extended. 

When PN = 0, the drawing execution address (EAD) is 
the same as with the ^PD7220A. 

Address extension causes the WG bits to be positioned 
differently in the character/graphics combined mode 
(character display/drawing) or the graphics mode. 

The CSRW command formats are included in table 4. 
CSRR Command 

When the address extension function is set by the 
WMASK command (with PN set to 1), the upper 2 bits of 
the drawing execution address (EAD) in the LPEN com- 
mand are extended and a maximum of 20 bits can be 
used. 

When PN = 0, the drawing execution address (EAD) is 
the same as with the iLiPD7220A. 

The CSRR command format with the extended EAD is 
shown in figure 7. 



Figure 7. CSRR Command Format 
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SCROLL Command 

When the address extension function is set by the 
WMASK command (with PN set to 1), the upper 2 bits of 
the display start address (SAD) in the SCROLL com- 
mand are extended. 

When PN = 0, the display start address (SAD) is the 
same as with the iaPD7220A. 

The SCROLL command format is shown in figure 8. The 
built-in RAM map with the extended SAD is included in 
table 4. 



Figure 8, SCROLL Command Format 
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Absolute Maximum Ratings 

Ta = +25°C 



Supply voltage, Vqd 


-0.5 to +7.0 V 


Input voltage, V| 


-0.5to Vdd + 0.3 V 


Output voltage, Vq 


-0.5 to Vdd + 0-3 V 


Operating temperature, Tqpt 


-10 to +70°C 


Storage temperature, Tstg 


-65to +150°C 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. 



DC Characteristics 

Ta = - 10 to +70°C; Vdd = +5.0 V ±10% 



Parameter 


Symbol 


Min 


Max 


Unit 


Conditions 


Low-level input 


V|L 


-0.5 


0.8 


V 


Except 2x0 CLK 


voltage 




-0.5 


0.6 


V 


2xCCLK 


High-level input 
voltage 


VlH 


2.2 


Vqc + 0.5 V 


Except 
2xCCLK, WR 






3.5 


Vcc + 0.5 V 


2xCCLK 






2.5 


Vqc + 0.5 V 


WR 


Low-level 
output voltage 


Vol 




0.45 


V 


Iql = 2.2 mA 


High-level 
output voltage 


VoH 0.7 Vdd 




V 


•oh = -400 juA 


Low-level input 
leakage current 


Ilil 




-10 


mA 


V, = V;, 
except 

VSYNC, DACK 








-500 


liA 


V| — u v, 
VSYNC, DACK 


High-level input 
leakage current 


•lih 




10 




V, = Vdd: 
except 

LPEN/WAIT/DT 








500 




V, = Vdd; 

LPEN/WAIT/DT 


Low-level 
output leakage 
current 


•lol 




-10 




Vo = V 


High-level 
output leakage 
current 


'loh 




10 


fxA 


Vo = Vdd 


Supply current 


•cc 




70 


mA 




Capacitance 

Ta = +25°C; Vdd = GND 


= OV 








Item 


Symbol 


Min 


Max 


Unit 


Condition 


Input 


c, 




15 


pF 


f = 1 MHz; 


Output 


Co 




20 


PF 


V except for 
tested pin 


Input/output 


C|/0 




20 


PF 


Clock Input 


Cc 




20 


pF 





AC Characteristics 

Ta = -10 to +70°C; Vdd = +5.0 V ±10% 

Item Symbol Min Max Unit Conditions 

Clock 2xCCLK 

Clock cycle toy 125 10,000 ns 

High-level clock tcH 52 ns 

width 

Low-level clock tcL 52 ns 

width 

Clock rise time tcR 15 ns 

Clock fall time tcF 15 ns 

Read Cycle 

Address setup time tAR ns 

to RD I 

Address hold time tpA ns 

from RD t 

RD pulse width tRRi tpDi ns 
+20 

Data output delay tpDi 55 ns Cl = 50 pF 

time from RD | 

Data float delay toF 55 ns 

time from RD t 

RD pulse cycle tpcY 4.5 toy ns DE = 

12 tcY ns DE = 1 

RD recovery 2 toy ns Also valid in 

time DMA cycle 

Write Cycle 

Address setup time tAw ns 

toWRi 

Address hold time twA 10 ns 

from WR T 

WR pulse width tww 60 ns 

Data setup time to tDw 45 ns 

wRr 

Data hold time two 10 ns 

from WR t 

WR pulse cycle tyvcy 4.5 toy ns 

WR recovery time tfv 2 toy ns Also valid in 

DMA cycle 

DMA Read Cycle 

DACK setup time tAKR ns 

toRDi 

DACK hold time tpAK ns 

from RD T 

RD pulse width tRR2 tpjoa ns 
-h20 



Data output tRD2 2 toy ns Cl = 50 pF 

delay time from +60 

RDi 
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AC Characteristics (cont) 

Ta = -10 to +70°C; Von = +5.0 V ±10% 



AC Characteristics (cont) 

Ta = -10 to +70°C; Vdd = +5.0 V ±10% 



Item 


Symbol 


Mln 


Max 


Unit 


Conditions 


DMA Read Cycle(cont) 


Untvoi ouipui oeiay 
time from 
2xCCLK t 






75 


ns 


— DU pr 


DREQ setup time 
to DACK i 


*RQAK 







ns 




DREQ i delay time 
from DACK i 


Ukrq 




1.5 

tcY + 
80 


ns 


Cl = 50 pF 


DACK pulse 
cycle 


Vkcy 


4.5 tcY 




ns 


See Note. 


High-level DACK 
width 








ns 




Low-level DACK 
width 


Ukl 


2.5 tcY 




ns 




DMA Write Cycle 


DACK setup time 
to WR i 


Ukw 







ns 




DACK hold time 
from WR t 


tWAK 







ns 




Read/Modify/Write Cycle 


Address/data 
delay time from 
2xCCLK t 


tCA 


15 


80 


ns 


Cl = 50 pF 


Address/data float 
delay time from 
2xCCLK t 


tCAF 


15 


80 


ns 


Cl = 50 pF 


Data setup time to 
2xCCLK i 


be 







ns 




Data hold time 
from 2xCCLK ; 


tCDF 


tCBI 




ns 




DBIN delay time 
from 2xCCLK i 


tCBI 


15 


60 


ns 


Cl = 50 pF 


RAS t delay time 
from 2xCCLK 


tCRSH 


15 


60 


ns 


Cl = 50 pF 


RAS t delay time 
from 2xCCLK 4 


^RSL 


15 


50 


ns 


Cl = 50 pF 


High-level RAS 
width 


tRSH 


1/3 
k)Y 




ns 




Low-level RAS 
width 


tRSL 


1.5 tcY 
-30 




ns 




Address setup time 
to ARSLi 


Vrsl 


30 




ns 




Display Cycle 


Output signal 
delay time from 
2xCCLKt 






70 


ns 


Cl = 50 pF 



Item 


Symbol 


Min Max 


Unit Conditions 


Input Cycle 


Input signal setup 
time to 2xCCLK t 




10 


ns 


Input signal pulse 
width 


^pp 


tCY 


ns 



whereby the dc parameter is set to other than 0. When byte- 
by-byte transfer is specified, the value is 5.5 tcy 

Voltage Thresholds for Timing Measurements 



inputs 



Outputs 



— 

A2i 



— ysi 



ZxCCLK Input 



/0.6 



"^ry — 

08 A 



0.6 \: 



3-51 



MPD72020 



NEC 



Timing Waveforms 
Clock 2XCCLK 



2XCCLK 



-tCF 



-tCH-^ 



-tCY- 



Read Cycle 



RD 



DB7 -DBo 



tAR 



-tRRl - 



invalid 



-tRCY- 



tDF 



-tRDl- 



-tRCY- 



Write Cycle 



WR 



X 



Valid 



^ Invalid 



"^^WA 



DB7 -DBo Invalid 



-twCY 



-twCY 
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Timing Waveforms (cont) 
Read/Write Recovery 




DMA Read Cycle 



DREQ 



-tRQAK- 



DACK 



-tAKRQ - 



-tAKL " 



-tAKH - 



tAKR- 



DBy - DBo 



-1RR2- 



-tRD2 - 



■tRAK 



tDF 



-tAKCY ■ 
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Timing Waveforms (cont) 
DMA Write Cycle 



2XCCLK 



DREQ 



-tCRQ- 



-tRQAK- 



WR 



-tAKRQ- 



-tAKL ■ 



-tAKW- 



-tww ■ 



-tWAK- 



-tAKH - 



-tAKCY - 



Read/Modify/Write Cycle 



tARSL I tDC 



AD 15 -ADo 



DBIN 



tCA 



Vaiid 

a . Output Address j I 



-tCAF ^CI 



tARSL 



tCA 



A 19 -A16 



RAS 



X 



tCBI- 



tCA 



/ Valid 
V / / \ Output Data ^ 



-tCAF 



Valid 
Input Data 



tCA 



tCRSH 



tCRSL 



-tRSL ■ 



X 



tRSH 
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Timing Waveforms (cont) 
Display Cycle 



-D2- 



2XCCLK 



AD15-AD0 ■ 



-tARSL 



tCA 



-tCAF 



tCA 



• tARSL 



A19 -A 



tCRSL- 



tCRSH - 



RAS ' 



tRSH 



tco 



HSYNC-REF 

BLANK 

VSYNC 

LC0-LC3 

CSR 

CSR-IMAGE 

Ar.BLINK-CLC 

DT 



x: 



-tCRSH 



-tRSL- 



tco 



x: 



Input Cycle 
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/iPD72022 
Intelligent Display Processor 



Description 

The MPD72022 Intelligent Display Processor (IDP) per- 
forms CRT display control and image display data pro- 
cessing for text, static pictures, and sprites. 

Features 

□ Three display modes: text, semigraphics, graphics 

□ Four-way horizontal split-screen display 

□ Smooth-scroll control (vertical, horizontal) 

□ Sprite image display 

□ 16-color display 

□ Attribute addition (7 max) 

□ Interlaced display through external synchronization 

□ Up to 256K X 16-bit word video memory addressing 

□ DRAM refresh 

□ Optional dual-port RAM 

□ Bus arbitration control 



□ CRT control signal programmable variables 

— Horizontal display time, retrace time (left and 
right), sync pulse width 

— Vertical display time, retrace time, sync pulse 
width 

— Rasters/line 

— Blinking time 

□ Variable display resolution 

— Horizontal: 640 dots max (22-MHz max dot rate) 

— Vertical: 512 dots max 

— Display signal (4 bits/dot) serial output 

□ Horizontal and vertical external synchronization 

□ 22 screen-control/drawing commands 

□ CMOS 

□ Single +5-volt power supply 



Ordering Information 


Part Number 


Package 


jttPD72022GF-3B9 


80 -pin plastic miniflat 



jtiPD72022L 68-pin PLCC 



50071 
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Pin Configurations 
es-PinPLCC 



> t- CM CO 5 
P P P ^ 



ex. ex. O. Q. OQ > 



§|i|i 



i _ 

o o 

nnnnnnnnnnnnnnnnn 



ICO 1(0 

Is 



GND 


C 


10 


LPEN 


c 


11 


RESET 


c 


12 


VRD 


c 


13 


SRD 


c 


14 


INT 


E 


15 


DMARQA/AK/BUSRQ 


C 


16 


READY 


c 


17 


RD 


c 


18 


WR 


c 


19 


CS 


c 


20 



DMAAKA/RQ/BUSAK 
ASTB 

ADy 

ADe 
ADg 
NC 



0> CO «D U) ^ CO CM 



§ (o tB S 5 S 



60 □ 
59 □ 
58 □ 
57 □ 



56 
55 
54 
53 

52 p 



C 21 
C 22 
C 23 
C 24 
C25 
C26 



Q Q 

> < 



O) O T- CM CO 3: 

C\J CO CO CO CO CO 

u u u u u u 

Q CO CM T- o Q 

2 Q Q Q Q 2 

CD < < < < (3 



CT ^ CO c8 § 

u u u u u u 



^ ^ 9 
u u u 



51 
50 
49 
48 
47 
46 

45 p 
44 



VWL 

VWH 

VADo 

VAD^ 

VAD2 

VAD3 

VAD4 

VAD5 

VADg 

VAD7 

VADg 

Vdd 

GND 

VADg 

VAD10 

VAD11 

NC 



CO CM -Q 

^ s s g g 



O 10 CO CM 
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80-Pin Plastic UltMlat 



9 Q ^ 



QL Q. z a a. cQ 



Q Q Q 
Q Q Q 
> > > 



>- >- o 9 

k/) CO h- Z 
ll |> Q C5 



CLK 
GND 
GND 
LPEN 
RESET 
VRD 
SRD 
INT 



DMARQA/AK/BUSRQ 
READY 
NC 
RD 
NC 
WR 

__ CS 
DMAAK/VRQ/BUSAK 
ASTB 
NC 

ADy 



ADg 
AD5 

Vdd 

AD4 
GND 



z (o 10 

nnnnnnnnnnnnnnnn 



§ S F: fe {C 
10 
2 
3 
4 
5 

6 
7 



CO CNJ T- o o> 

is. js. (s. (D 



9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
d23 
24 



U U U U U U 
< < < < Q (5 



CO CO CO 

u u u 



W CO CO CO CO ^ § 

u u u u u u u 



64 2 
63 □ 
62 1 
61 □ 
60 2 
59 D 
58 ;] 
57 □ 
56 □ 
55 p 
54 

53 p 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 



RAS 

VWL 

VWH 

VADo 

VAD-i 

VAD2 

VAD3 

VAD4 

NC 

VAD5 

NC 

VADs 

NC 

VAD7 

VADg 

Vdd 

GND 

VADg 

VAD10 

VAD11 

NC 

NC 

VAD12 
VAD13 



2 2 

Q Q Q 

W - 3 

S ^ s 



Q a ^ 
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Pin Identification 



Symbol 


I/O 


Signal Function 


Host System inter face 


AD0-AD7 


I/O 


Three-state, bidirectional address/data bus. See 
table 1. 


ASTB 


In 


Address Strobe. Read address information from 
AD0-AD7. 


BUSAK 


In 


Bus Acknowledge. While this signal is active, 
jttPD72022 controls the system bus. 


BDSRQ 


Out 


Bus Request. Request for system bus control. 


CLK 


In 


System clock. 


C5 


In 


Chip Select. Enables R0 and WR signals. 


DMAAK 


In 


DMA Acknowledge. Enables DMA cycle. 


DPaRQ 


Out 


DMA Request. 


INT 


Out 


Interrupt request to host processor. 


m 


In 


Control signal for reading data or status flag from 
jttPD72022. 


READY 


Out 


Indicates jttPD72022 may be accessed for memory 
read/write cycle or I/O read/write cycle. 


RESET 


In 


Initializes jiiPD72022. 


sm 


Out 


Video Memory Acknowledge. Indicates host 
processor has direct control of video memory 




In 


Video Memory Request. Host processor requests 
direct control of video memory 




In 


Control signal for writing data, commands, or 
parameters into juPD72022. 


Video Memory Interface 




Out 


Column Address Strobe. 


MOD 


In 


Mode change signal. See RA4. 


RAq-RAi 


Out 


Raster Address 0-1 . RAq and RAi are also used for 
DMq and DMi, respectively. See Display Data 
Control In this table. 


RA2-RA3 


Out 


Raster Address 2-3. RA2 and RA3 are also used for 
DCo and DC-t, respectively. See Display Data 
Control in this table. 


RA4 


Out 


Raster Address 4. RA4 is also used for MOD input. 


Ra5 


Out 


Row Address Strobe. 


SRCLK 


Out 


Serial Read Clock. Used with optional dual-port 
RAM. 




Out 


Serial Read. Active while data Is read from serial 
port with optional dual-port RAM. 


VADo- 
VAD15 


I/O 


Video Memory Address 0-15 output; DRAM 
refresh addresss output; data Input/output. 



VAie- Out Video Memory Address 16-17. Also used for RAq, 
VA17 RAi 



Symbol 


i/0 


Signal Function 


VRD 


Out 


Video Memory Read. Strobe signal to read data 
from video memory. 


VWH, 
VWL 


Out 


Video Memory Write, High and Low. Strobe 
signals to write data into video memory 


CRT interface 


BLANK 


Out 


Blanking display signal. 


DTCLK 


I/O 


Dot Clock. During internal DTCLK mode, timing 
pulses derived by dividing CLK are output. 
During external DTCLK mode, the internal 
scanning subsystem derives a reference clock 
from the DTCLK input. 


HSYN 


I/O 


Horizontal Sync. Signal output when internal 
sync Is specified; signal input when external sync 
Is specififed. 


LPEN 


In 


Light Pen Strobe. The DTCLK mode is specified 
by the LPEN level when the RESET signal level 
rises. 

LPEN DTCLK Mode 

High Internal DTCLK output 

Low External DTCLK input 


PXD0-PXD3 Out 


Pixel Data 0-3. Display signal (four bits/dot) in 
sync with DTCLK. 




I/O 


Vertical Sync. Signal output when internal sync is 
specified; signal input when external sync Is 
specified. 


IHspiay Ikita Controi 


DCo, DCi 


Out 


Display Cycle. Specifies display processing cycle 
when juPD72022 Is accessing video memory. 
DCi DCo Display Cycle 
Other than Indicated below 

1 Static picture display cycle 

1 Sprite display cycle 
1 1 Screen start cycle 

See Video Memory Interface, RA2 and RA3. 


DMo, 
DMi 


Out 


Display Mode. Specifies the static picture display 
mode. 

DMi I^Mo Display Mode 

X Text mode 

1 Semlgraphics mode 
1 1 Graphics mode 

See Video Memory Interface, RAq and RA-j. 


OtiwrPins 


GND 




Ground 


Vdd 




+5-volt power supply 


NC 




No Connection 
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jLiPD72022 Block Diagram 



Host Processor 
Interface Unit 



CS 
ASTB 
RD 
WR 



ADo -AD7 <JZ:^ 
INT 

READY — 



DMA RQA/AK/ 
BUSRQ 



DMA AK/VRQ/ 
BUSAK 



RESET 
VDD 
GND 

CLK 
DTCLK 



Registers 



INBUF 



Bus 
Arbitration 
Circuit 



Control 
Processor Unit 





System/Dot 




Clock 




Generator 



f<= 



Display Control Unit 

=^>^ 



Display Address N 

Registers \— — i/ 



Sprite 
Control 



IE 



Internal Sprite 
Attribute 
Memory 



IE 



=> 



Display Data 
Processor 



Video 
Memory Access 
Control 



• RAS 

■ CAS 

■ VRD 

■ VWH 
VWL 

RAO - RA4 



Line Buffer RAM 
#1 



Line Buffer RAM 
#2 



CRT Timing 
Generator 



Video Signal 
Generator 



VADo- 
VAD15 



SRD 
SRCLK 



LPEN 



PXDO- 
PXD3 

HSYN 
VSYN 
BLANK 



Table 1. Functions of Address/Data Bus AD^Mf 



C5 DMAAK 


WR 


10 


AD2 




ADo 


Bus Function 


1 1 






X 


X 


X 


Floating (high Impedance) 


1 





1 










juPD72022 command input 








1 




1 















1 


jaPD72022 parameter input 








1 









1 





1 


X 




X 


Write operation via DMA transfer 


1 


1 













jiiPD72022 status output 








1 




1 















1 


jiPD72022 parameter output 








1 









1 


1 





X 


X 


X 


Read operation via DMA transfer 



' Donftcare 
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^PD72022 in a Video Display System 



10^ 
RD 

m 

ASTB 



Host CPU 
HPD70108 

ADo - AD? 
A8 -A19 



INT 
INTAK 



Main 
Memory 



■N Latch 



4IPD71059 
Interrupt 
Controller 



20 



Note: 

Although the ^PD72022 can execute all 
required video memory control operations, 
this system example uses bus arbitration 
for enabling direct video memory access 
by the host processor. 



^iPD72022 IDP 



RD 
WR 
ASTB 

PXDO - PXD3 



DTCLK 
BLANK 



AD0-AD7HSYN 
RAS 
GAS 
VRD 
VWH 
VWL 
VAK 



INT 



READY 



RA0-RA4 



VAD0-VAD15 
VRQ CS 



3ZE 



Decoder 



Color 
Palette 
D/A 



Control 
Gate 



4\ A 



Character 
Generator 
ROM 
fiPD23C2000 



a Bus 
Buffer 



Bus l/L. 
Buffer V- 



16/24-kH2 
Monitor 
TV 



<:ii 



D 

F/F 



^ D0-D15 



Latch 



Mux 



Video 
Memory 



AO -A7/ 
As -A15 
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Absolute Maximum Ratings DC Cliaracteristlcs 

Ta = +25°C Ta = -10 to +70''C; Vdd = +5 V ±10% 



Power supply voltage, Vdd 




-0.5 to +7.0 V 


Parameter 


Symbol 


IVlin 


IVlax 


Unit Condittons 


Input voltage, V| 






-0.5 to +7.0 V 


Input low 


V|L 


-0.5 


0.8 


V 


Note 1 


Output voltage, Vq 






-0.5 to +7.0 V 


voltage 




-0.5 


0.6 


V 


Note 2 


Operating temperature. Toft 




-10 to +70 C 


input nign 


V|H 


2.2 


Vdd + 0-5 


V 


Note 1 


Storage temperature, Tstg 




-65 to +150°C 


voltage 




3.5 


Vdd + 1.0 


V 


Note 2 


Capacitance 








Output low 
voltage 


Vol 




0.45 


V 


lOL = 2.2 mA 


Ta = +25''C; Vdd 


= QaND = V; f = 1 MHz 




Output high 
voltage 


VOH 


0.7 Vdd 




V 


lOH = -400 jttA 


Parameter Symbol Min Max 


Unit 


Conditions 






Input 

capacitance 


C| 10 


PF 


Unmeasured pins 
returned to V 


Input low 
leakage current 


Ilil 




-10 


M 


V| = OV 


Output 
capacitance 


Co 20 


PF 




Input high 
leakage current 


•lih 




10 


fxA 


V| = Vdd 


Input/output 
capacitance 


C,o 20 


pF 




Output low 
leakage current 


•lol 




-10 


M 


V, = ov 


Clock input 
capacitance 


Co 20 


pF 




Output high 
leakage current 


'loh 




10 


loA 


Vi = Vdd 










Power supply 
current 


bo 




150 


mA 





Notes: 



(1) Except CLK, DTCLK, and RESET 



(2) CLK, DTCLK, and RESET 

AC Characteristics 

Ta = -10 to +70°C; Vdd = +5 V ±10% 



Parameter 


Figure 


Symbol 


IVlin 


Max 


Unit 


Conditions 




Clock 


System clock cycle 


2 


tCY 


45 


50 


ns 






System clock width, high 


2 




18 




ns 






System clock width, low 


2 


tKKL 


18 




ns 






Dot clock cycle 


2 


*CYDK 


45 


4 toy 


ns 


Input; Cl = 


30 pF 








67.5 


4tCY 


ns 


Output; Cl 


= 30 pF 


Dot clock width, high 


2 


*DKDKH 


18 




ns 


Input; Cl = 


30 pF 








tKKH 




ns 


Output; Cl 


= 30 pF 


Dot clock width, low 


2 


*DKDKL 


18 




ns 






Reset 


RESET pulse width 


3 


*RSRSL 


8 tcY + 6 tcYDK 




ns 






LPEN setup time to RESET t 


3 


tSLPRS 


letcY 










LPEN hold time from RESET t 


3 


*HRSLP 













CPU Read/Wirite Cycle 


ASTB pulse width 


4, 5 


tSTSTH 


45 




ns 






Address setup time to ASTB i 


4,5 


tSAST 


25 




ns 






Address hold time from ASTB i 


4, 5 


VlAST 


10 




ns 






C5 setup time to RD or WR i 


4, 5 


*SCSRW 







ns 
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AC Characteristics (cont) 



Parameter 


Figure 


Symbol 


Min 


Max Unit 


Conditions 


CPU Read/mite Cycle (cont) 


C5 hold time from F?D or WR T 


4,6 


tHRWCS 





ns 




MO pulse width 


4, 15 


*RRL 


170 


ns 




Data delay time from R0 i 


4, 16 




120 


ns 




Data hold time from T 


4, 15 


^HRD 





ns 




Data float time from W t 


4, 16 


tpRD 




55 ns 




pulse width 


5, 16 


*WWL 


180 


ns 




Data setup time to WM T 


6, 16 


%DW 


100 


ns 




Data hold time from WR T 


5, 16 




10 


ns 




READY delay time from or 4. 


4, 5, 
16 


%)RWRDY 




55 ns 




READY delay time from Vm i 


9 


^QRDY 




60 ns 




W5 recovery time 


4 


Wr 


150 


ns 




WR recovery time 


5 


*RVW 


150 


ns 




Read access cycle 


4 


*CYR 


*RRL + 10 ^Y 


ns 




Write access cycle 


5 


k3YW 


*WWL +10tcY 


ns 




VRAM Read/Write Cycle 


Random read/write cycle 


6-8, 


k5YRAS 


270 


ns 


Note 1; also refresh cycle 




11-13 




360 


ns 


Note 2; also data transfer cycle 


width high 


6-8, 
11-13 


*RASRASH 


95 


ns 




R?^ width low 


6-8. 


tRASRASL 


130 


ns 


Note 1; also refresh cycle 




11-13 




210 


ns 


Note 2; also data transfer cycle 


^ width high 


6-7, 
11-13 


*CASCASH 


110 


ns 




width low 


6-7, 


*CASCASL 


106 


ns 


Note1 




11-13 




186 


ns 


Note 2; also data transfer cycle 


i delay time from T 


6-8, 
11-13 


^DCASRASL 


30 


ns 




CAS i delay time from Ra5 i 


6-7, 
11-13 


^RASCASL 


40 


ns 




R/S T delay time from i 


6-7, 


bCASRASH 


60 


ns 


Notel 




11-13 




150 


ns 


Note 2; also data transfer cycle 


Address setup time to RAS i 


6-8, 
11-13 


tsVARAS 


36 


ns 




Address hold time from RAS i 


6-8, 
11-13 


^RASVA 


10 


ns 




Mode setup time to CAS I 


6-7, 
11-13 


tSMDCAS 


10 


ns 




Mode hold time from CAS i 


6-7, 


*HCASMD 


110 


ns 


Notel 




11-13 




185 


ns 


Note2 
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AC Characteristics (cont) 



Parameter 


Figure 


Symbol 


MIn 


Max 


Unit 


Conditions 


VRAM Read/Write Cycle (con^ 


VRD t delay time from Ca§ i 


6, 
12-13 


bCASVR 


70 




ns 


Note1 






150 




ns 


Note 2 


CA§ t delay time from VRD t 


6. 
11-13 


tDVRCAS 







ns 




VRD pulse width 


6, 
12-13 


VfVRL 


70 




ns 


Notel 






150 




ns 


Note 2 


C/S i delay time from VW t 


6 


tnVAA/WnAQ 

u V vv no/\o 


70 




ns 




W i delay time from RA5 t 


6 


bRASHVW 


35 




ns 




VW i delay time from CAS t 


6 


bCASVWL 


15 




ns 




Input data setup time to VRD t 


6 


<SDVR 


40 




ns 




Input data hold time from VRD T 


6 







30 


ns 




VRD T delay time from RA5 i 


6. 


*DRASVRH 


130 




ns 


Notel 




12-13 




210 




ns 


Note 2 


WP^ I setup time from VRD t 


6, 
12-13 


%VRRAS 


15 




ns 




VR0 i hold time from RA5 i 


6, 
12-13 


*HRASVR 


25 




ns 




VRAM Write Cyde 


RAS i delay time from VRD t 


7 


tOVRRAS 


15 




ns 




VRD i delay time from RAS 4 


7 


tDRASVRL 


130 




ns 




Ra5 i delay time from VW T 


7 


*DVWRAS 


35 




ns 




W t delay time from R^ i 


7 


^DRASLVW 


-10 




ns 




CaS i delay time from 


7 


*DVWLCAS 


10 




ns 




VW t delay time from CAS i 


7 


bGASVWH 


155 




ns 




vW pulse width 


7 


tvwVWL 


165 




ns 




Data setup time to CAS i 


7 


tSDCAS 


10 




ns 




Data hold time from CAS i 


7 


tHCASD 


155 




ns 




VRAM Refresh Cycle 


Ca5 i delay time from t 


8 


*DRASHCAS 


20 




ns 




VRAMRequest 


setup time to t 


9 


tsVACAS 


20 




ns 


Interleave mode 


^hold time from CaS 4 


9 


VlGASVA 


10 




ns 




VRQ recovery time 


9 




10 tcY 




ns 




READY delay time from Vm i 


9 


*DVQRDY 




60 


ns 




VRQ hold time from READY t 


9 


*HRDYVQ 







ns 




VAD float delay time from t 


9,10 


*FCASVAD 




30 


ns 




VAD delay time from 1 


9, 10 


*DCASVAD 




50 


ns 
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AC Characteristics (cont) 


Parameter 


Figure 


Symbol 


Min 


Max 


Unit 


Conditions 


VRAM Request (cont) 


BURSQ i delay time from BUSAK T 


10 


*DBABQ 







ns 


Dual-port mode 


BUSAK hold time from BUSRQ T 


10 


tHBQHBA 


10 




ns 




BUSAK hold time from BUSRQ i 


10 


^HBQLBA 





2000 


ns 




Data Transter Cycle 


VRD T delay time from SRCLK t 


11 


toSKVR 


100 




ns 




SRCLK hold time from TRD T 


11 


*HVRSK 


100 




ns 




RA5 i delay time from 7RD i 


11 


tDVRRASL 


30 




ns 




VRD hold time from RA5 i 


11 


tHRASLVR 


60 




ns 




VR0hold time fromCASi 


11 


tHCASVR 


10 




ns 




RA5 t delay time from VRD i 


11 


'toVRRASH 


100 




ns 




Ca5 t delay time from VRD T 


11 


toVRCAS 


120 




ns 




\7R0 hold time from RA§ t 


11 


tHRASHVR 


10 




ns 




yRAM Serial Read Cyde 


SRD width high 


12, 13 


tSRSRH 


200 




ns 




SRD width low 


12, 13 


tSRSRL 


200 




ns 




SRCLK i delay time from SrD i 


12, 13 


toSRSK 


15 




ns 




SRCLK width high 


12, 13 


tSKSKH 


25 




ns 




SRCLK width low 


12, 13 


tSKSKL 


25 




ns 




Serial read cycle 


12,13 




90 




ns 




Data setup time to SRCLK T 


12 


*SDSK 


25 




ns 


Graphics display cycle 


Data hold time from SRCLK T 


12 


^HSKD 


10 




ns 




Data setup time to VRD t 


13 


*SDVR 


40 




ns 


Text display cycle 


Data hold time from VRD T 


13 


*HVRD 





30 


ns 


Semigraphics display cycle 


Display Timing 


Output display time from DTCLK t 


14 


tODKDSP 


5 


38 


ns 


Note 3; Cl = 50 pF 


Input setup time to DTCLK t 


14 


tsiDK 


25 




ns 


Note 4 


Input hold time from DTCLK t 


14 




5 




ns 




Input puise width 


14 


t,, 


5k5YDK 








DMACyde 


DIVIARQ T delay time from DMAAK i 


15, 16 


tDDADQH 




50 


ns 




DMARQ i delay time from DMAAK T 


15, 16 


bDADQL 







ns 




DMAAK hold time to DMARK i 


15, 16 


*HDQDA 







ns 




DMAAK setup time to RD i 


15 


*SDAR 







ns 




DMAAK hold time to RD T 


15 


tHRDA 


20 




ns 




DMAAK setup time to WR i 


16 


tSDAW 







ns 




DMAAK hold time to WRT 


16 


*HWDA 


20 




ns 
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AC Characteristics (cont) 



Parameter 


Figure 


Symbol 


MIn 


Max 


Unit Conditions 


Interrupt 


INT rising time 


17 


tiNTR 




30 


ns 


INT falling time 


17 


*INTF 




30 


ns 



Notes: 

(1) Cycles: Text display; Semigraphics display; Display start 

(2) Cycles: Graphics display; Sprite display; Command processing 

(3) HSYN, VSYN, BLANK, PXD0-PXD3 



(4) HSYN, VSYN, LPEN 



Figure I. Vbltage Thresholds for Timing 
Measurements 




Figure 3, Reset l/l/Saveform 



-tRSRSL- 



RESET 



- tSLPRS- 



' tHRSLP 



XI 



Figure 2, Clock Waveform 



-tKKL- 



-tKKH- 



-tCY- 



-tDKDKL- 



-tDKDKH- 



DTCLK 



-tCYDK- 
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Figure 4. CPU Read Cyde 



-tSTSTH^ 



AD0-AD7 



-tSAST- 



H k-tHAST-> 



Hi-Z Hi-Z / 

- — ^ Valid Address ^ — { 



tDRD 



-tSCSRW- 



tDRWRDY 



-tRRL- 



-tHRD- 
-tFRD- 



tHRWCS 



-tRVR- 



- tCYR- 



- - - - -"- CZZ5 



Figures, CPU Wtite Cycle 



-tSTSTH- 



_/ — 



AD0-AD7 



-tSAST- 



y V 



-tHAST-* 



^ Valid Address ^ ^ 



tSDW 



-tSCSRW- 



WR 



tDRWRDY 



-twWL- 



-tHWD- 



tHRWCS 



-tRVW- 



-tCYW- 



READY ■ 



i ) _« 
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Figure a. VRAM Read Cycle 



<-tDCASRASL- 



-tCYRAS- 



-tRASRASL- 



-tDRASCASL- 



-tCASCASH- 



tSVARAS 



VA1 6 [RAo] /DMo. VA1 7 [RAi ] /DMi 
RA2/DC0, RA3/DC1 



tHRASVA tSMDCAS 



Valid Address 



VWH. VWL 



7 



tSVRRAS 

L 



VRD 



tDCASRASH . 



— tRASRASH - 
-tDRASHVW — 



-tCASCASL- 



-tHCASMD- 



-tDVWHCAS- 



-tDCASVR- 



-tDRASVRH- 



- tHRASVR-*- 



VAD0-VAD15 "ii 

RA4/MOD 



7 



-tVRVRL- 



tSDVR 



i-Z Hi-Z 1^ ^cHi-Z7^ 

— -i Valid Address ^ — — — — Valid Data ^ 



J. 



tDCASVWL 



tDVRCAS 



tHVRD 
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Figure?, VRAM Write Cycle 



CAS 



VA1 6 [RAo] /DMo. VA1 7 [RAi ] /DMi 
RA2/DC0. RA3/DC1 



<-tDCASRASL- 
i 



-tCYRAS- 



-tRASRASL- 



-tDRASCASL- 



-tCASCASH - 



tSVARAS 



1. 



tHRASVA 



VWH, VWL 



7 



tDRASLVW 
tDWVRAS^ > 



-tDVRRAS- 



tSMDCAS 



, tpCASRASH , 



- tRASRASH - 



-tCASCASL- 



-tHGASMD- 



-tDVWLCAS- 



7 



VAD0-VAD15 ■ 



RA4/MOD 



-tvwVWL- 



tDCASVWH 



-tDRASVRL- 



tSDCAS 



tHCASD 



HhZ ^ 
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Figures. VRAM Refresh Cydle 



RAS 



-tCYRAS- 



CAS 



-tDCASRASL— ^ 



tSVARAS 



VAi 6 [R Ao] /DM3. VA1 7 [RAi ] /DMi 
RA2/DC0. RA3/DC1 



2: 



-tRASRASL- 



- tRASRASH - 



tHRASVA 



Valid Address 



VWH, VWL 



7 



7 



VAD0-VAD15 Hi:^ 

RA4/M0D 



Valid Address 



X 



J 



Figure 9. VRAM Request; inierieave Mode 



VAK 



\SVA 

-tSVACAS 

\ » \U WM Kz: 



READY- J?'-^— 



tDVQRDY 



tPCASVAD- 



7 



-tRWQ- 



tHRDYVQ 







^-tDCASVAD 
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Figure 10, VRAM Request, Dual-Port Mode 



CAS 



BUSRQ 

tDBABQ 



BUSAK 



-12 Cycles - 



tHBQLBA- 



V 



tDCASVAD— >l h— 



-//— 



tHBQHBA 



-cz::ij-"^- 



- tpCASVAD 
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Figure 11. Data Transfer Cycle 



RAS 



-tCYRAS- 



-tRASRASL- 



-tDRASCASL- 



-tCASCASH - 



VA1 6 [RAo] /DMO, VA1 7 [RAi ] /DMi 
RA2/DC0, RA3/DC1 



^ Valid Address 



VWH, VWL 



VRD 



tHRASVA tSMDCAS 



-tDVRRASL- 



tDCASRASH 



- tRASRASH - 



-tCASCASL- 



-tHCASMD- 



tHCASVR- 
tHRASLVR 



tDVRRASH 



tHRASHVR 



SRD 



VAD0-VAD15 
RA4/MOD 



-tDSKVR 



\ 



-tDVRCAS 



tHVRSK 



Hi-Z Hi-Z 
— — ^ Valid Address ^ — — — — — — — — - — — — — 
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Figure 12. VRAM Serial Read Cyde; Graptiics Display 



-tDCASRASL- 



-tCYRAS- 



-tRASRASL- 



-tDRASCASL- 



-tCASCASH- 



tSVARAS 



VA1 6 [RAo] /DM3, VAi 7 [RAi ] /DMi 
RA2/DC0, RA3/DC1 



VWH, VWL 



^ Valid Address 



tSVRRAS 



tDSRSK 



tSMDCAS 



. tPCASRASH . 



- tRASRASH - 



-tCASCASL- 



-tHCASMD- 



tDCASVR - 



- tDRASVRH - 



-tHRASVR 



-tCYSK- 



tSDSK 



VAD0-VAD15 



Hi-Z - 

RA4/MOD — — •{ Valid Address 



tHSKD 



-tVRVRL- 



tDVRCAS 



tSRSRL- 



-tSRSRH- 



X 



<-tSKSKH-^ 



tSDSK 



^ Valid Data ^ Valid Data ^ ^ 



tHSKD 



) ^ < 
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Figure 13. VRAM Serial Read Cycle; Text or Semigraphics Display 



♦-tDCASRASL- 



-tCYRAS- 



-tRASRASL- 



-tDRASCASL- 



-tCASCASH- 



VA1 6 [RAo] /DMd. VA1 7 [RAi ] /DMi 
RA2/DC0, RA3/DC1 



^ Valid Address )^ 



tHRASVA 



tSVRRAS 



ASh ^ 

7~ 



tSMDCAS 



tpCASRASH . 



- tRASRASH - 



-tCASCASL- 



tDCASVR - 



-tDRASVRH- 



-tHRASVR- 



SRCLK 



RA4/MOD 



- tVRVRL- 



-tSRSRL- 



♦-tSKSKL-* 



-tCYSK* 



<-tSKSKH- 



Hi-Z 



VAD0-VAD15 — — — — — — — — — 



^ / 



Hi-Z y Hi-Z 1^ ^iHi-z/ 

— — -i Valid Address ^ — — «^ Valid Data ^ < 



tSDVR- 



tDVRCAS 



H |-< tSRSRH H 



V 



HI- Z. 



tHVRD 
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Figure 14, Display Timing 



tDKR- 



-tDKDKH- 



-^tDKF 
-tDKDKL- 



-tCYDK- 



HSYN. VSYN, 
BLANK. PXD0-PXD3 



h-tDDKDSP-*- 



1 



X 



DTCLK 



HSYN. VSYN, LPEN 



X 



-tSIDK- 



-tHDKI- 



X 



X 



Figure IS, DUMA Read Cycle 



Figure 16, DMA Write Cycle 



DMARQ 



tDDADQH 



DMAAK 



tSDAR 



tDDADQL 





f,— 




tHDQDA 









ADo-AD/' 



tDRD 
_Hi-Z__ 

tDRWRDY 



-tRRL- 



-tHRDA 



-tHRD- 



~Sr_ Hi-Z 
— ^ Valid Data ^ — — 



tpRD 



READY • 



DMARQ 



tDDADQH 



DMAAK 



tSDAW 



tDDADQL 



tHDQDA 



-twWL- 



tSWD 



ADo-AD/' — - — - 



tDRWRDY 



-tHWDA 



3r Hi-Z 

— ^ Valid Data 



tHWD 



READY - 



Hi-Z ^ ""y ^ — — 



Figure 17, Interrupt Waveform 


t|^^■R— » 

INT ^ 




<— tINTF 

49NR.447A 
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INTERNAL STRUCTURE 

The iLtPD72022 IDP consists of three units: host proces- 
sor interface unit, control processor unit, and display 
control unit. Refer to the iuPD72022 Block Diagram. 

Host Processor Interface Unit 

The host processor interface unit transfers commands, 
parameters, and such status information as the 
jLiPD72022 internal processing state, to and from the 
host processor. 

Control functions include asynchronous bus interface 
control, DMA control, and interrupt control. 

Control Processor Unit 

The control processor unit reads and executes com- 
mands and parameters from the host processor via the 
host processor interface unit. 

Display data processing in video memory, display ad- 
dress control, screen control, etc., in the display control 
unit are Implemented. 

Display Control Unit 

The display control unit generates and outputs video 
memory display addresses, display signals, and CRT 
control signals. It generates various timing signals re- 
quired in the jLtPD72022. 

COMMANDS 

The ii4PD72022 has 22 commands for implementing ini- 
tialization, display control, and sprite control opera- 
tions. See table 2. 



Table 2. 


Ust of Commands (con^ 


Name 


Function 


yideo Memory Control 


DPLD 


specifies video memory operation address or address 




offset. 


DPRD 


Determines video memory operation address. 


MASK 


Sets bit mask for data storage In video memory. 


RDAT 


Reads contents of video memory and sends data to 




host processor. 


WDAT 


Stores transfer data in video memory. 


BLKTOT 


Reads tlie video memory contents and transfers tlie 




data via DMA operation. 


BLKTIN 


Stores the data transferred via DMA operation into 




the video memory. 


EXIT 


Terminates video memory operation command 




processing. 


Sprite Control 


SPRON 


Enables tlie sprite controller and initiates sprite image 




display. 


SPROF 


Disables the sprite controller and terminates sprite 




image display. 


SPRSW 


Toggles the sprite display on or off for each sprite 




operation. 


SPRRD 


Reads the sprite attribute table data. 


SPRWR 


Writes data Into the sprite attribute table. 


SPROV 


Determines the sprite controller operation status. 



Table 2. Ust of Commands 



Name 


Function 


Initialization 


SYNC 


Selects display operation mode and specifies 




scan timing. 


Display Control 


DSPOF 


Generates screen control table base address and 




border color; enables display controller; starts 




display. 


DSPOP 


Disables display controller and terminates 




display. 


DSPDEF 


Defines display screen layout and display format 


CURDEF 


Defines cursor display format. 


ACTSCR 


Selects active screen area. 


CURS 


Moves cursor to specified cursor display position. 


LPNR 


Determines light pen position. 
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INITIALIZATION COMMANDS 
SYNC Command 

Command Code 10H 












1 














Parameters 


RM 


EL 


EV 


VM 





DPM 


ILM 





RF 


EC 


ES 


W 


RS 








LBL 








LBR 


HAD 








RBR 








RBL 








HS 








TBL 








TBR 


VAD (L) 





VAD (H) 


BBR 








BBL 








VS 



The SYNC command terminates display controller oper- 
ation and defines operation mode and horizontal/vertical 
scan timing with the following parameters. 

• ILM, DPM (Interleave Mode, Dual Port Mode) 

The format of the interblock interface between the 
host system, I DP, and video memory is specified. 
Dual-port mode can only be specified for the VRAM 
serial access (VM = 1). 



DPM 


iLM 


Operation 








Standalone mode 





1 


Interleave mode 


1 





Dual-port mode 


1 


1 


Disabled 



• EV (Enable Vertical Blank Interrupt) 

Parameter EV determines whether the occurrence of a 
vertical blanking signal causes an interrupt signal to 
be generated on the INT pin. 

EV Interrupt 

Vertical blank interrupt disabled 

1 Vertical blank interrupt enabled 

• EL (Enable Light Pen Interrupt) 

Parameter EL specifies whether the occurrence of a 
light-pen signal causes an interrupt signal to be 
generated on the INT line. 

EL Interrupt 

Light pen interrupt disabled 

1 Light pen interrupt enabled 

• VM (VRAM Access Mode) 

Parameter VM specifies the video memory access 
mode for static picture display data generation. 

VM Video Memory 

Random access mode 

1 Serial access mode 

• RM (Raster Mode) 

Parameter RM specifies CRT scanning mode and 
display signal generation mode. 

RM CRT Scanning Mode 

00 Noninterlace (640 X 400, 24K CRT) 

01 Interlace (640 x 400, 15K CRT) 

10 Vertical magnify (640 x 200, 24K CRT) 

11 Normal (640 x 200, 15K CRT) 

• RS (Resolution Select) 

Parameter RS specifies the divide ratio for generation 
of the display signal dot time. This ratio can be 
combined with horizontal and vertical scan timing to 
vary display resolution. Table 3 is an example based 
on a 20-MHz source clock. 
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Table 3. Display Resolution Example (20-MHz Clock) 



RS 


Divide Ratio 


Corresponding Resolution 


HAD Setup Value 


VAD Setup Value 


Recommended CRT 


000 


Divide by 4 


256 X 192 


256 (63) 


192 


Horizontai scan frequency 15.75 l^Hz 


001 


Divide by 3 


320 X 200 


320 (79) 


200 




010 


Divide by 2 


512 X 192 


512 (127) 


192 




oil 


Divide by 1.5 


640 X 200 


640 (159) 


200 




100 


Divide by 1 


640 X 400 


640 (159) 


400 


24.83 kHz 


Others 






Disabied (dot clock is not output) 





• FV (Reverse Screen) 

Parameter RV specifies reverse display of tlie entire 
screen. When FN is cleared to 0, nornnal display is 
enabled; when RV is set to 1, text foreground and 
background colors in the text display are reversed. 

• ES (External Sync) 

Parameter ES specifies use of the HSYN and VSYN 
pins and external synchronization. When ES is set to 
1, horizontal and ve rtic al sync hronizing signals are 
output on the HSYN and VSYN pins. 

When ES is cleared to 0, the pins are placed in a 
high-impedance state, and display timing is synchro- 
nized with an input reference signal. 

• EC (External Clock) 

Parameter EC specifies DTCLK pin operation and 
determines display timing signals. When EC is set to 1 , 
a signal generated from the internal divider is output 
on the DTCLK pin as dot clock. 

When EC is cleared to 0, the DTCLK pin is placed in a 
high-impedance state, and display timing is based on 
an Input clock reference signal. 

EC an be set in external dot clock input mode (LPEN 
signal is low at reset time). 

• RF (Refresh Control) 

Parameter RF controls video memory refresh opera- 
tions. When RF is cleared to 0, no refresh operation is 
performed; when set to 1. refresh operations are 
initiated. 



• LBL (Left Blanking) See figure 18. 
LBR (Left Border) 

HAD (Horizontal Active Display) 
RBR (Right Border) 
RBL (Right Blanking) 
HS (Horizontal Sync) 

Horizontal scan timing is specified in four-dot time 
(TCK) units. Each timing is generated at the time of 
(specified value + 1) xTCK. 

The horizontal scan parameters have the following 
restrictions. 

HS ^ 04H 
LBL > 03H 

HAD = odd number (bit = 1) 

• TBL (Top Blanking) See figure 18 
TB R (Top Border) 

VAD O^ertical Active Display) 
BBR (Bottom Border) 
BBL (Bottom Blanking) 
VS (Vertical Sync) 

The number of rasters (vertical scan lines) is specified 
to control vertical scan timing. An integer multiple of 
2 is set in the valid display time (VAD). The vertical 
border time (TBR, BBR) can be omitted if the speci- 
fied value is 0. 

The vertical scan parameters have the following re- 
strictions. 

VS ^ 04H 

TBL + TBR s: 10H (for non-sprite display) 
TBL + TBR > 20H (for sprite display) 
VAD s 04H 
BBR + BBL ^ 02H 
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Figure 18. Horizontal and Vbrtical Scan Parameters 



Video 
signal 



Horizontal 
sync signal 



RBR 



Valid display area 



Border area 



Vertical 
sync signal 



Video 
signal 



DISPLAY CONTROL COMMANDS 
DSPON Command 

Command Code 12H 












1 





1 


Parameters 


Base address 


(lower) 

















(upper) 














BC 



The DSPON command enables the display controller 
and generates the display signal 

In display access after the screen control table base 
address is specified in byte units, the address provided 
by multiplying the setup value by 256 is referenced as the 
screen control table start address. 

• BC (Back Drop Color) 

Parameter BC specifies the background color of the 
transparent color specification portion of the valid 
display time and the horizontal/vertical border area. 
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DSPOF Command 

Command Code 13H 












1 








1 


1 



The DSPOF command disables the display controller 
and sprite controller and terminates display. The 
horizontal/vertical retrace time is output on the display 
signal output pin. 



DSPDEF Command 

Command Code 14H 












1 





1 








Parameters 


ATROFF (L) 


ATROFF (M) 





PITCH 





(H) 











MRA 











HRA 


BR 












The DSPDEF command defines display screen layout 
and display format. The following parameters are speci- 
fied. 

• ATROFF (Attribute Offset) 



The character code and attribute code store address 
offset are specified in byte units. If the offset Is a 
negative value, Input the complement. 



ATROFF 


Offset 


OH 


Disabled 


1H 


1 byte 


2H 


2 bytes 


3FFFFH 


262,143 bytes 


40000H 


-262,144 bytes 


7FFFFH 


~1 byte 



• PITCH (Character Pitch) 

The character code pitch is specified. 

PITCH Pitch 
OH Disabled 
1H 1 byte 

7H 7 bytes 

• MRA (Maximum Raster Address) 

The character vertical display size is specified in 
number of rasters. This position is used as the under- 
line display position. 

MRA No. of Rasters 

to 6H Disabled 
7H 8 rasters 

1FH 32 rasters 

• HRA (Horizontal Raster Address) 

The horizontal line display position is specified as a 
raster position. 

HRA Display Position 

OH First raster 

1H Second raster 

1FH 32nd raster 
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• BR (Blinking Rate) 

The blink attribute character display and cursor blink 
are specified. Each character specified with the blink 
attribute is turned on (bright) in the time of the setup 
value X 24 fields and off (dark) in the time of the setup 
value X 8 fields. 

The cursor blinks in the time of the setup value x 8 
fields. 

The number of bright and dark fields for attribute and 
cursor blink are shown below. 



Attribute Cursor 



BR 


Briaht 


Dark 


Bright 


Dark 


OH 


768 


256 


256 


256 


1H 


24 


8 


8 


8 


2H 


48 


16 


16 


16 


IFH 


744 


248 


248 


248 



CURDEF Command 

Command Code 15H 



1 


1 





1 


Parameters 


CURN 





CE 


BE 



The CURDEF command defines the cursor display 
mode. Parameter CURN specifies cursor sprite, and the 
CURS command specifies the cursor position, which 
also updates the display position of the sprite specified 
in CURN. 

• BE (Blinking Enable) 

Parameter BE specifies whether cursor blinking is 
enabled. To suppress cursor blinking, clear BE to 0. 

• CE (Cursor Enable) 

Parameter CE specifies whether cursor display is 
enabled. To turn off the cursor, clear CE to 0. 

Since the sprite function is used for cursor display, 
specify sprite display accordingly at the same time. 



ACTSCR Command 

Command Code 16H 









1 





1 


1 





Parameters 





SCRN 


















The active screen area where cursor position control 
and light pen position control are valid is specified. 

SCRN Active Screen Area 

First split screen 

1 Second split screen 

2 Third split screen 

3 Fourth split screen 



CURS Command 

Command Code 1EH 












1 


1 


1 


1 


Parameters 


NAsrtlcal position (lower) 

















(upper) 


Horizontal position (lower) 




















(upper) 



The cursor is moved to the position specified by the 
parameters. 

Screen position is specified by virtual screen coordi- 
nates, first designating a Y (line) position value, then an 
X (column) position value, if a specified position ex- 
ceeds the lower or right edge of the virtual screen, the 
cursor is positioned at the respective edge of the virtual 
screen. 

The internal variable data pointer (DPTRO) is updated to 
the video memory address value corresponding to the 
coordinates of the cursor position. 
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LPNR Command 

Command Code 1AH 












1 


1 





1 


Output Data 


Vertical position (lower) 

















(upper) 


Horizontal position (lower) 




















(upper) 



The light pen detection coordinates are determined and 
the light pen detection status is reset to 0. 

Virtual screen coordinates are specified by first desig- 
nating the Y (line) position and then the X (column) 
position. 

The internal variable data pointer (D PTRO) is updated to 
the video memory address value corresponding to the 
light pen detection coordinates. 



VIDEO MEMORY OPERATION COMMANDS 
DPLD Command 

Command Code 8E/8FH 



1 











1 


1 


1 


N 


Parameters 






VRAIVI add 


ress (lower) 






(intermediate) 

















(upper) 



The address data entered by using the parameter is 
stored in the specified internal variable data pointer 
(DPTRO or DPTR1) 

N Data Pointer 

Store in DPTRO 

1 Store in DPTR1 

The data pointer value is used for address specification 
or update In later VRAM access. 

The 19-bit address parameter can be used to access 
512K-byte video memory space. If the DPTR1 value is 
negative, input the complement. 



In the commands listed in table 4, the address update 
mode is specified in the command code MOD field, and 
the data pointer value can be updated each time a VRAM 
access is made. 

If the coordinates on the virtual screen can be obtained 
by cursor position specification and light pen input 
position detection, the data pointer (DPTRO) is updated 
to the corresponding video memory address value. 

Table 4, Data Pointer Update 

RDAT, BLKTOT, 

MOP Data Pointer Update WDAT BLKTIN 

00 Data pointer is not changed. Enabled Disabled 

01 ATROFF value is added; then tlie Enabled Enabled 
data pointer is updated. 

10 PITCH value is added; then the Enabled Enabled 
data pointer is updated. 

11 DPTR1 value is added; then the Enabled Enabled 
data pointer is updated. 



DPRD Command 

Command Code 8AH 



1 











1 





1 






Output Data 



VRAM address (lower) 
(intermediate) 
(upper) 



The data pointer (DPTRO) value is determined. 

MASK Command 

Command Code 89H 



1 











1 








1 



Parameters 



Mask data 
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The mask data entered via the parameter is stored in the 
internal variable mask register (IVISKR). 

The mask register value is used for write data mask 
processing in later VRAM access. When the mask bit 
value is 0, the VRAM contents are held; when 1, write 
data is stored. 

In mask processing, the mask register value is deter- 
mined before a VRAM write operation is initiated. 

The video memory contents at the transfer destination 
address are read and ANDed with the inverted mask data 
value, and a mask is set. in addition, the write data to be 
stored in video memory and the mask data value are 
ANDed together, and a mask is set. The results are ORed 
together, and then written into video memory 



RDAT Command 

Command Code 90/91/92/93H 



1 








1 








MOD 



Output Data 



Read data 



Read data 



The video memory contents are read from the address 
specified in the data pointer (DPTRO), and the data is 
transferred to the host processor. 

If the host processor receives the memory data, the data 
pointer (DPTRO) contents are updated according to MOD 
specification (table 4), and the video memory contents at 
the next address are read and transferred. 

The memory contents are read until another command is 
entered. 



WDAT Command 

Command Code 94/95/96/97H 



1 








1 





1 


MOD 



Input Data 



Write data 



With the WDAT (Write VRAM Data) command, mask 
processing is performed for data input by the host 
processor according to the mask register value. Then, 
the data is written into video memory at the address 
specified by the data pointer (DPTRO). 

After the data is written, the data pointer (DPTRO) con- 
tents are updated according to MOD specification (table 
4) to the next video memory address. 

If the host processor inputs data consecutively, the data 
write into video memory and data pointer update are 
repeated until another command is entered. 

BLKTOT Command 



Command Code 99/9A/9BH 



1 








1 


1 





MOD 



DMA Transfer Output Data 



Read data 



Read data 



The video memory contents are read from the address 
specified in the data pointer (DPTRO) and stored in the 
output d ata buffer. A DMA transfer request signal 
(DMARQ) is then generated to prompt the DMA control- 
l er to rec e ive the read data. The DMA acknowledge signal 
(DMAAK, RD) is used to output the data buffer contents 
to the data bus. If the DMA controller receives the data 
and the buffer is not empty, the DMA transfer request 
generation is continued. 

If the buffer is empty, the data pointer (DPTRO) value is 
updated according to MOD specification (table 4), and 
the video memory contents at the next address are read 
and stored in the output data buffer. Therefore, the 
address of the data read by the DMAoontroller does not 
correspond to the data pointer value. 

If the output data buffer is empty, the memory read and 
the data pointer update are repeated until the host 
processor inputs another command based on the DMA 
controller terminal count. 



Write data 
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BLKTIN Command 

Command Code 9D/9E/9FH 



1 








1 


1 


1 


MOD 



DMA Transfer Input Data 



Write data 



Write data 



DMA transfer request signal (DMARQ) Is generated to 
prompt the DMA controller to transfer write data. Data 
i nput togeth er with the DMA acknowledge signal 
(DMAAK, WR) is written into video memory. 

Mask processing is performed for data input by execut- 
ing the DMA transfer according to the mask register 
value; then the data is written into video memory at the 
address specified in the data pointer (DPTRO). 

After the data is written, the data pointer (DPTRO) con- 
tents are updated according to MOD specification (table 
4) to the next video memory address. 

If the DMA controller inputs data consecutively, the data 
write into video memory and the update of the data 
pointer are repeated until the host processor inputs 
another command based on the DMA controller terminal 
count. 



EXIT Command 

Command Code 88H 



1 











1 












Command processing during parameter acceptance is 
stopped and a command wait state Is initiated. 

Video memory operation command processing during 
data transfer is stopped and a command wait state is 
initiated. 

If parameter acceptance is terminated and processing is 
started, data or any command other than the video 
memory operation commands cannot be terminated by 
issuing the EXIT command. 



SPRITE CONTROL COMMANDS 
SPRON Command 

Command Code 82H 



1 

















1 





Parameters 


SAB (lower) 

















(upper) 


HSPN 


ESP 


SPMG 


SPGR 



If the display controller has been enabled by the DSPON 
command, sprite display is initiated. 

The sprite status (SC) in the status data is reset and 
interrupt signal generation from the sprite controller is 
enabled or disabled according to ESP specification. 

The sprite attribute table and sprite pattern area base 
address (SAB), sprite magnification (SPMG), and sprite 
grouping function (SPGR) are set in the sprite controller. 

If the command is input during sprite display, the sprite 
controller operation parameter is changed. 

• HSPN (Horizontal Sprite Number) 

This parameter specifies the maximum number of 
sprite images that can be displayed on a single 
horizontal line. 

• SPMG (Sprite Magnify) 

Sprite magnification display is specif led. When SPMG 
is set to 1, sprite display data is magnified two-fold in 
the vertical direction display. 

• SPGR (Sprite Grouping) 

The grouping function in sprite detection is specified. 
When SPGR is set to 1, collision detection between 
different groups is enabled. 

• ESP (Enable Sprite Interrupt) 

INT signal from the sprite controller is specified. 
When ESP Is set to 1 , an INT signal Is generated at the 
INT pin when sprite collision is detected or the maxi- 
mum number of sprite images is exceeded. 
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SPROF Command 

Command Code 83 H 



1 

















1 


1 



Sprite controiier operation is disabled and sprite display 
is terminated. 

SPRRD Command 

Commarid Code 80H 



1 
























Parameters 



SPN 



ATN 



Output Data 



Read data 1 



Read data n 



The sprite attribute table contents are read from the 
address corresponding to the SPN (sprite number) and 
ATN (attribute number) parameters/ and the data Is 
transferred to the host processor. 



ATN 


Attribute 





YP lower 


1 


YSIZE, SPSW, YP upper 


2 


XP lower 


3 


XSIZE, SPDM, XP upper 


4 


SPDA lower 


5 


SPDA upper 


6 


SCF (color) 


7 


Not used 



If the host processor receives the attribute data, the 
attribute number is incremented and the next attribute 
data is read and transferred. When attribute number 7 is 
read, the sprite number is also updated so that the next 
sprite vertical position (YP lower) can be read. 

The attribute data read and the attribute and sprite 
number update are repeated until another command is 
input. 



SPWR Command 

Command Code 84H 



1 














1 









Parameters 



SPN 



ATN 



Input Data 



Store data 1 



Store data n 



Data input by using the parameters is stored in the sprite 
attribute table. 



ATN 


Attribute 





YP lower 


1 


YSIZE, SPSW, YP upper 


2 


XP lower 


3 


XSIZE, SPDM. XP upper 


4 


SPDA lower 


5 


SPDA upper 


6 


SCF (color) 


7 


Not used 



The input data following the second parameter is written 
into video memory from the address corresponding to 
the first parameter SPN (sprite number) and ATN (at- 
tribute number). 

Each time one byte of data is stored, the attribute 
number is incremented so that the next attribute number 
can be specified. When attribute number7 is stored, the 
sprite number is also updated so that the next sprite 
vertical position (YP lower) can be specified. 

If the host processor inputs data consecutively, the 
attribute number is incremented from through 7 for 
each sprite number, which advances in increments of 1. 

SPRSW Command 

Command Code 85H 



1 


1 





1 


Parameters 


SPN 





SPSW 
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This command specifies the sprite display on or off by 
setting the sprite attribute SPSW bit. 

The sprite number is specified in the SPN parameter If 
the SPSW parameter is set to 1, sprite display is turned 
on; if cleared to 0, sprite display is turned off. Thus, 
display on or off for each sprite can be specified as 
desired. 



SPROV Command 

Command Code 81 H 



1 








1 


Output Parameters 





so 


c 


ovs 



The sprite controller operation status is determined and 
the sprite status bit in the status data (SC) is reset to 0. 

The sprite controlled status is defined by parameters 
SO, OVS. and C. 

(1 ) SO indicates whether the maximum number of sprite 
images that can be displayed on a single horizontal 
line (HSPN specification) has been exceeded. 

(2) OVS specifies the first excessive sprite number. 

(3) C indicates the detection of sprite collision. 

STATUS 

The ^PD72022 sends the display hardware operation 
status and command processing status information to 
the host processor via the status output port. 



The status data format and the bit contents viewed from 
the host are explained below. 



7 


6 


5 


4 


3 


2 


1 





LP 


VB 


SC 


ER 




BUSY 


OBF 


IBF 



Input Buffer Full 

IBF (bit 0) indicates that data is stored in the internal 
input data buffer during command/parameter input from 
the host processor. It is set on the rising edge of the WR 
strobe signal when the host processor writes 
commands/parameters. It is reset when the input data 
buffer contents are read by AtPD72022 internal process- 
ing. 



The host processor should check that the flag is reset 
before inputting the next command/parameter. If a 
command/parameter is input when the flag is set, the 
jLtPD72022 drives the READY signal low, forcing the host 
to wait. 

Output Buffer Full 

OBF (bit 1) indicates that the /iiPD72022 has data stored 
in the output data buffer. It is set when a write is made to 
the output data buffer during internal processing. It is 
reset on the rising edge of the RD strobe signal when the 
host reads the output data buffer contents through the 
parameter output port. 

The host processor should check that the flag is set 
before reading data from the parameter output port. If 
data is read when the flag is set, the /xPD72022 drives the 
READY signal low, forcing the host to wait. The flag is 
reset when a command is input. 

Busy 

The BUSY flag (bit 2) indicates that the mPD72022 is 
performing command processing. It is set under the 
same conditions as IBF and reset when the execution of 
all commands stored in the internal FIFO buffer has 
been completed. 

In command processing of SPRRD, SPRWR, BLKTIN, 
BLKTOT, WDAT, or RDAT, however, BUSY is reset when 
the FIFO buffer is empty after the completion of process- 
ing of successive input commands. Therefore, BUSY Is 
always set when any of these six commands is being 
executed. 

Error 

ER (bit 4) indicates that an error occurred during com- 
mand processing. It is set when an abnormal state is 
encountered; for example, when parameters required for 
command execution are not entered, or the value of an 
entered parameter is not proper. 

When an error occurs, ftPD72022 stops command pro- 
cessing. To recover, issue the EXIT command, followed 
by the desired command. ER is reset when the EXIT 
command Is executed. 

Specific error causes are as follows. 

(1) Parameter is entered when command code is not 
entered. 

(2) Command/parameter is entered from any port other 
than the command or parameter input port. 

(3) Any code other than a command code is entered 
from the command port. 
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(4) The number of parameters Is too large. Up to a given 
number of parameters are assumed to be valid and 
processed. When excessive parameters are entered, 
ER is set and the excessive parameters are not 
processed. 

(5) The number of parameters Is too small. All the 
entered parameters are assumed to be valid and 
processed. 

(a) When a command (except EXIT) is entered fol- 
lowing the parameters, ER is set and command 
processing starts 

(b) When an EXIT command is entered following the 
parameters, it is assumed that termination of the 
immediately preceding command entered is 
specified. ER is not set and command entry is 
awaited. 

(c) When other than a command or parameter entry 
follows the parameters, an error results. ER is set 
and command entry Is awaited. 

(6) LPNR command is made on any area other than the 
active screen area specified by the ACTSCR com- 
mand. 

Sprite Control 

The SC flag (bit 5) indicates occurrence of sprite over or 
sprite collision state during sprite display operation. It is 
updated each time one screen display is terminated 
(vertical blank). 

(1) Sprite Over. The SC flag is set when the number of 



sprite images existing on a single horizontal line 
exceeds the HSPN setup value. The first sprite 
number exceeding the setup value can be read by 
command (SPROV) specification. 

(2) Sprite Collision. The SC flag is set when dot overlap 
of two or more sprite images occurs. 

Vertical Blank 

VB (bit 6) indicates vertical blanking time (BBR, BBL, or 
VS time). It can be used for the host processor to 
synchronize with display operations. 

Light Pen Detect 

LP (bit 7) indicates that an address is detected by using 
the light pen signal. It is set when the address is detected 
and reset when the LPNR command is issued. 

CONTROL 

After initialization (figure 19), the jiiPD72022 executes 
control according to the sequence shown in figure 20. 

In figure 20, a check is made to ensure that IBP (bit 0) of 
the /iPD72022 status data format is cleared to 0; then the 
command/parameter is written. 

If the command is a data read or write command, then 
data is read or written. 

The sequence to check that the IBF bit is cleared to can 
be omitted by using the READY signals; however, this 
does not apply to read commands (RDAT, BLKTOT 
SPRRD, DPRD, LPNR, SPROV). 
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Figure 19, /nPD72022 Iniiializaiion 




Issue DSDEF 
Command 



Issue SPRON 
Command 



Set Screen 
Control Information 



Store Display Data 



issue DSPON 
Command 



Display operation mode, scan timing, etc., are set 



The display screen layout and display format are specified. As required, the active 
screen area is selected by using ACTSCR or the cursor display format is specified 
by using the CURDEF command. 



The sprite attribute table base address and sprite display format are specified. 



Screen control information or sprite attribute information is stored in video memory. 



Display data is stored in video memory. 



Screen control table base address and border color are set and display is initiated. 
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Figure 20 ftPD72022 Basic Control Flow 



start ^ 




DISPLAY 

Static Picture Display 

The /iiPD72022 IDP has three static picture display 
modes: text, semigraphics, and graphics. 

Text l\/lode. Video memory data is recognized as char- 
acter code and attribute data. Character patterns from 
the character generator specified by character code are 
displayed. Color or format qualification is specified by 
attribute data paired with character code. See figure 21. 

Semigraphics Mode. Video memory data is recognized 
as pattern code. Pattern data (format and color) In the 
pattern data area specified by pattern code Is displayed. 
Two modes are available according to how pattern data 
Is stored. See figures 22 and 23. 

Graphics lUlode. Video memory data is recognized and 
displayed as color patterns corresponding directly to the 
display screen. See figure 24. 

Sprite Image Display 

The )LiPD72022 IDP can control a maximum of 32 sprite 
Images. Collision between sprite Images can be de- 
tected. 

Any desired color pattern (sprite) Is displayed at any 
desired position of the screen based on information in 
the video memory sprite attribute table. Sprite control 
commands can change the sprite size, color, display 
address, display position, etc. See figure 25. 

Screen Split Display 

The /[iPD72022 IPD can split the display screen Into 
rectangular windows and display any area extracted 
from video memory. Each display area is independently 
controlled by the yPD72022. See figure 26. 
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Figure 21. Data Flow In Text Mode 
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IDP 



Attribute, 
color specification 



Character generator 



Display Screen 



Figure 22, Data Row in Semigrapiiics a/Me 



Video Memory 



Display Screen 



n line 
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Mode specification 
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Color specification 



Color 
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cation 



3-91 



^PD72022 



NEC 



Figure 23. Data Flow in Semigrapiiics KMode 1 



Video Memory 



n line 
m column 



Mode specification 



Color specification 



16 color 



Display Screen 



Figure 24, Data Fiow in Grapiiics Hiode 



Video Memory 



n rasters 
m dots 



Graphics memory 



IDP 



Color specification 



Display Screen 



3-92 



NEC 



ftPD72022 



Figure 25. Data Flow During Sprite Image Display 
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Figure 26. Example of Screen Split Display 



VSA1 



VSA3 



Virtual Screen 2 



VH2 



Display Screen 




-RW 1.2.3- 



- (RXP1.RYP1) 



ABC 



Real Screen 1 



(RXP2.RYP2) 




Real Screen 2 



(RXP3. RYP 3) 



Display 



Real Screen 3 



Rm 



RH3 



Scan Mode Specification 

The MPD72022 IDP enables specification of four scan 
modes by using SYNC command parameter RM before 
video signal generation. See figure 27. 

Noninterlace l\Aode.The raster address is incremented 
for eacli liorizontal scan. Tlie display data address is 
updated every specified number of rasters. 

In graphics mode, the display data address is updated 
each horizontal scan. 

Interlace Mode. Odd and even fields are displayed 
alternately. In the odd field, the raster address starts at 0; 
in the even field, it starts at 1. The raster address is 
incremented by two for each horizontal scan. 

In graphics mode, the display address is updated so that 
display data in the opposite field is skipped. 

In interlace mode, the MRA value must be specified so 
that the numbeer of rasters is even. 



To use the interlace mode, a value appropriate for the 
16-kHz monitor must be set in the raster parameter and 
the interlace synchronizing signal must be input from an 
external source. 

Vertical Magnification Mode. The raster address is 
incremented every two horizontal scans. The display 
data address is updated every specified number of ras- 
ters. 

In graphics mode, the display data address is updated 
every two horizontal scans. 

Normal Mode. The raster address is incremented each 
horizontal scan. The display data address is updated 
every specified number of rasters. 

In graphics mode, the display data address is updated 
each horizontal scan. 



3-94 



SEC 



MPD72022 



Figure 27. Scan Modes 



A. Noninterlace Mode 




C. Vertical Magnification Mode 
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D. Normal Mode 
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i[iPD72120 

Advanced Graphics Display Controller 



Description 

The iDiPD72120 Advanced Graphics Display Controller 
(AG DC) displays characters and graphics on a raster 
scan device from commands and parameters received 
from a host processor or CPU. Features of the AG DC 
include high-speed graphics drawing capabilities, video 
timing signal generation, large capacity display memory 
control (including video RAMs), and a versatile CPU 
interface. These features allow the AG DC to control 
graphics drawing and display of bit-mapped systems. 

Features 

□ High-speed graphics drawing functions 

— Graphics drawing: dot, straight line, rectangle, 
circle, arc, sector, segment, ellipse, ellipse arc, 
ellipse sector, and ellipse segment 

— Maximum drawing speed 

500 ns/pixei (8 MHz, pixel mode) 
500 ns/dot (8 MHz, plane mode) 

— Area filling (high-speed processing in word units): 
triangle, trapezoid, circle, ellipse, and rectangle 

— Painting: filling of any arbitrary enclosed area (bit 
boundary retrieval) 

— Data transfers in display memory: multiplane 
transfers; data transformation (9071807270' 
rotation and reversal); multiwindow transfers; 
maximum transfer speed of 500 ns/word 

— Image processing: slant, arbitrary angle rotation, 
16/N enlargement, and N/16 shrinkage (N any 
integer from 1 to16) 

— Position specification by X-Y coordinates 

— Logical operations between planes 



□ Video timing signal generation 

— High-speed processing by two system clocks: 
display (for video sync signal generation) and 
graphics drawing clocks 

— External synchronization capability 

□ Large-capacity display memory 

— Display memory bus interface: 24-bit address and 
16-bit data bus for addressing up to 16M words, 
16 bits/word 

-Video RAM (VRAM) control 

— Display memory bus arbitration 

□ Host processor (CPU) interface 

— System bus interface: 20-bit address bus, 8- or 
16-bit data bus 

— Data transfer with external DMA controller: from 
system memory to display memory (PUT); from 
display memory to system memory (GET) 

— High-speed pipeline processing with preprocessor 
before drawing processor 

— CPU memory or I/O mapping of internal registers 
and display memory for efficient system interface 

□ 8-MHz system clock 

□ CMOS technology 

□ Single +5-volt power supply 

□ Packages: 84-pin PLCC, 94-pin plastic miniflat 



Ordering Information 


Part No 


Package 


l»PD72120L 


84-pin PLCC 


jttPD72120GJ-5BG 


94-pin piastic miniflat 



50068 
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Pin Identification 



Symbol 


I/O 


Signal Function 


ClockPim 


CLK 


In 


Clock supplied to circuits other than the sync 
signal generator and display processor. The 
drawing processor and preprocessor speed 
depend on this clock frequency 


SCLK 


In 


Clock supplied to the sync signal generator and 
the display processor. This clock frequency is 
determined by the CRT timing requirements: 
horizontal sync frequency, number of dots per 
line, etc. 


System Bus Control Piim 


AD0-AD15 


I/O 


I/O bus to the CPU consisting of multiplexed 
16-bit address and a bidirectional data bus. 


A16-A19 


In 


Upper four address bits of the 20 -bit address. 


ASTB 


In 


Latches the address on A-ie-Aig and ADq-AD-is on 
the falling edge. 


DBi 


In 


Together with ADq, defines the data access format 
as shown below. UBE should be tied high when 
connected to an 8-bit CPU. 

ADo DBE Data Access Format 
Even-address word 

1 Even-address byte 

1 Odd-address byte 
1 1 Odd-address byte 




In 


Performs a read of data from the AGDC by the 
host CPU. \ 


WR 


In 


Performs a write of data to the AGDC from the 
host CPU. 




In 


Enables reading/writing of the AGDC Internal 
registers by the host CPU. The register is 
selected by the address input on AD0-AD7. 




In 


Enables reading/writing of display memory 
through the AGDC by the host CPU. The display 
memory address is generated by the address 
input on A-f6-Aig and ADo-AD-15 and by the bank 
register. 


READY 


Out Activated by the data access request (RD/WR) for 
the AGDC. During the access, the signal may be 
low. RESET will set the READY line high. 


INT 


Out Signals an interrupt from the AGDC. 


DMARQ 


Out Indicates a request for data transfer (PUT/GET) to 
an external DMA controller. DMARQ will be low 
after RESET 


DMAAK 


In 


Acknowledgment of DMA request to the AG DC by 
the DMA controller. 


RESET 


In 


Initializes operation of the AGDC. The internal 
parameter register is not cleared by RESET (It is 
initialized by setting data). 


Display Mrnnory Control tHns 



DAD0-DAD15 I/O I/O pins for display memory; 16-bit address 
multiplexed with data. 



Symbol 


i/0 Signai Function 


DA16-DA23 


Out Upper 8 bits of display memory address (the lower 
16 bits of the 24-bit address are output on DADq- 


DASTB 


Out Indicates that a display memory address is 

presoiii on ino iciiiiny oogo. 


0DBE, 
DTBE 


Out Defines the data format for accessing the display. 

pcccT eo+Q hnth nin<i Inw 
nt.wc 1 ooio vjyjui yju\9 iww. 

DUBE DLBE Data Access Format 
AGDC V\ford 
16-bltCPU Wbrd 
8/16-bit CPU 1 High (odd) byte 
8/16-bit CPU 1 Low (even) byte 
8-bit CPU 1 1 High (odd) byte 


DRD 


Out Controls reading of the display memory by the 
AGDC. Set high by RESET 


um 


Out Controls writing to the display memory by the 
AGDC. Set high by RESET 


HLDRQ 


In Requests control of the display memory bus by 
an external device to transfer display data. 


HLDAK 


Out Indicates that the AGDC memory bus (DADq- 
DADis and DA16-DA23 is in high-impedance state 
80 that an external device can have access to the 
display memory bus. Set high by RESET 


yideo Timing Signal Related Pins 


VS/EXVS 


I/O When the AGDC operates as the master, VS is the 
vertical sync signal output. When the AGDC 
operates as a slave, the EXVS input initializes the 
internal vertical sync signal on the rising edge. 


HS/EXHS 


I/O When the AG DC operates as the master, HS Is the 
horizontal sync signal output. When the AGDC 
operates as a slave, EXHS Initializes the internal 
horizontal sync signal on the rising edge. 


Display Signal Related Pins 


BLANK 


Out Used to blank the display. 


DT/DISP 


Out Set to DT in the DT mode (when using VRAMs) 
and specifies the data transfer. In the cycle steal 
mode (VRAMs not used), indicates the display 
cycle. 


GCSR 


Out Specifies the display of the graphics cursor 


GWAIT 


Out Graphics wait signal 


Other Pins 


Vdd 


-i-5-volt power supply 


GND 


Ground 


IC 


Internally connected; leave unconnected 
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Pin Configurations 
84^Pin PLCC 



AD12 
AD5 
AD13 

AD6 
ADi4 C 

AD7 
AD15 

vddi: 

GNDC 
A16 C 
A17C 
A18C 
A19C 
ASTBC 

UbeC 

CLKC 
DADqC 
DADi C 

ICC 
DAD2I- 

ICC 



;^ CO ^ „ 
a n a a a 



Willis 



O 



<<<< <<<<<>o|5lDCloloa:ir^QQy 
nnnnnnnnnnnnnnnnnnnnn 



o> eg h. to m 
IT) u) m in in u) 



CM CO in to r- 



□ IC 

□ vdd 

DGND 

□ SCLK 
iGCSR 

1 VS/EXVS 
1 HS/EXHS 
3 BLANK 
3DT/DiSP 
1 HLDRQ 
D HLDAK 
DDWR 

□ DRD 

D DASTB 
D WAIT 
DGND 
DDLBE 

□ DUBE 
13 DA23 
IIDA22 
1 IC 



■i-T-T-T-T-'.-T-'i-8cvicvie3we\ie\ie\icvic\icococo 

uuuuuuuuuuuuuuuuuuuuu 

cO'^intD N.eocDo-r-cvicO'^inQ Q<Dr^coo>o-r- 



"v »•/ w I ^ w 1— vM m Q Q <o CO o> o 

QOOOOOO T-T-T-1-T-T-2 /-jT-i-T-T-cvi 
^ < < <<<<ClQQQQQm><<<<<«a. 

iOQQQQQ<<<<<<^ QClClQQQ 
000000 
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OAD3 
DAD4 
DAD5 

DA06 

DAD7 

DA08 
DAOg 
DAD10 
OAD11 
OAD12C 
DAD13C 
DAD14C 
DAD15 C 
ICC 
ICC 
GNDC 
GNDC 

VddC 

DA16C 
DA17C 43 
DA18 C 44 
DAi9 C 45 
DA20 C 46 
DA21 C 47 



>. CO ro 



3C 24 
4C 25 
5C 26 
eC 27 
7C 28 
SC 29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 



42 



94 1 AD4 
93 3AD11 
92 D AD3 
91 DAD 10 
90 DAD2 
IAD9 
DADi 
3AD8 
86 3ADo 
DVdd 
3GND 
3GN0 
DWR 
3RD 
3CSDM 

3GND 
3IC 

3 RESET 
3 READY 

DINT 

3DMAAK 
1 DMARQ 



87 
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7iPD72120 Block Diagram 



CLK - 
RESET - 

vdd- 

GND - 

WAIT- 
DMARQ ' 



DMAAK - 



READY - 

csiR- 

CSDM - 
RD- 
WR- 
ASTB- 

uii- 

AD0-AD15 ^ 
AI6-A19 * 

















CPU 




Interface Unit 





























Preprocessor 




Drawing 
Processor 







Sequence ROM 




Sequence ROM 



Display Ulernory 
Interface Unit 



-SCLK 
►BLANK 
► HS/EXHS 
" VS/EXVS 



►DUBE 
"DLBE 

- HLDRQ 
►HLDAK 

"DWR 
-DRD 
'DASTB 

"DT/oiip 

"GCSR 



/Ov DAD0-DAD15 
Srv DA16-DA23 



System Configuration Exampie 



System Bus £_ 



Display r- 



Memory Bus 



Central 
Processing 
Unit 



Display 
Memory Address 
Controller 



31 



UPD72120 
AGDC 



CRT Synchronizing Signal 





G 






MAGIC/ 




Character 




Display 


Display Data 


ImPP 




Generator 




Memory 
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General Application Diagram 



System Buseis 



Address Data Control 

n n 



1£ 



DMA 
Controller 



DMARQ DMAAK 







HS 


RD 






VS 


WR 




BUNK 


READY 


GCSR 


csiR 




CSDM 


DRD 




DWR 


INT 


DT 


ASTB 




UBE 


DLBE 


AI6-A19 


DUBE 




DASTB 


|iPD72120 


DA16-DA23 


AD0-AD15 




DAD0-DAD15 




HLDRQ 




HLDAK 



•I Cursor Control Circuit k 





RAS 


Timing 


CAS 


Controller 


WE 






DT/OE 



Control Data Address 

' r— • 

Display Memory Buses 



Timing 
Controller 



}iPD41264 
Display Memory 



Character 
ROM 
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ELECTRICAL SPECIFICATIONS 



Absolute Maximum Ratings 






Capacitance 

Ta = +25'»C; Vdd " GND 


« ov 








Ta = +25°C 






Parameter Symbol 


MIn 


Max 


Unit 


Condition 


Supply voltage, Vdd 




-^.5 to +7.0 V 


Input 


Ci 




10 


PF 


f « 1 MHz; 


input voltage, V| 




-0.5 to -1-7.0 V 


Output 


Co 




20 


PF 


unmeasured 
pins returned 


Output voltage, Vq 




-0.5 to -1-7.0 V 


Input/ 


C|/o 




20 


pF 


toOV 


Operating temperature, Top^- 




-10 to -l-70"C 


output 








Storage temperature, Tstq 




-65 to +150"C 


Qock 
input 


Co 




20 


pF 




Power dissipation, Pd 




1.1 W 


























DC Characteristics 


















Ta = -10 to +70°C; Vdd ^ +5.0 V ±10% 


















Parameter 


Symbol 


Min 




Max 


Unit 






Condition 


Low-level input voltage 


V|L 


-0.5 




0.8 


V 




Except CLK or SCLK 






-0.5 




0.6 


V 




CLK,SCLK 


Fiigh-level input voltage 


V|H 


2.2 




Vdd + 0.5 


V 




Except CLK or SCLK 






3.5 




Vdd + 10 


V 




CLK, SCLK 


Low-level output voltage 


Vol 






0.45 


V 




lOL 


« 2.2 mA 


High-level output voltage 


VOH 


2.4 






V 




•oh 


« -400 juA 


Low-level input leakage current 


Ilil 






-10 






V, «=0V 


High-level input leakage cur ent 


'lih 






10 


^ 




V|-Vdd 


Low-level output leakage current 


'lol 






-10 






Vo 


. OV 


High-level output leakage current 


•loh 






10 






Vo 


-Vdd 


Supply current 


•dd 






200 


mA 
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AC Characteristics 

Ta = -10 to +70°C; Vdd * +5.0 V ±10%; see figure 1 



Parameter 




Figure 


Symbol 


Min 


Max 


Unit 


Condition 


Clock (CLK,SCUg 


Clock period 


CLK 


2 




125 


600 


ns 






SCLK 


2 


*CYSK 


125 


600 


ns 


*CYK ^ tCYSK 


High-level clock width 


CLK 


2 


tWKH 


52 




ns 






SCLK 


2 


*WSKH 


52 




ns 




Low-level clock width 


CLK 


2 


*WKL 


52 




ns 






SCLK 


2 


%SKL 


52 




ns 




Clock rise time 


CLK 


2 


*KR 




15 


ns 






SCLK 


2 


tSKR 




15 


ns 




Clock fall time 


CLK 


2 


tKF 




15 


ns 






SCLK 


2 


tSKF 




15 


ns 




Reset, Interrupt 


Reset pulse width 




3 


tRST 


5 




*CYSK 




CLK t to INT t delay time 




3 


*DKI 




50 


ns 


Cl = 50 pF 


RDi to INTi delay time 




3 


*DR[ 




3 tcYK + 50 


ns 


STATUS read 


HLDRQ,wnsac 


CLK t to HLDAK delay time 




4 


^KHA 




50 


ns 


Cl = 50 pF 


H LDRQ setup time to CLK t 




4 


*SKHQ 


20 




ns 




HLDRQ hold time from CLK t 




4 


ViKHQ 


20 




ns 




DMA Read/Wr ite Cycle 


CLK t to DMARQ output delay time 




5,6 


*DKMQ 




50 


ns 


Cl = 50 pF 


DIVIARQ setup time to DMAAK i 




5,6 


tSMAMQ 







ns 




DMAAK setup time to RD i 




5 


*SRMA 







ns 




DMAAK hold time from RD t 




5 


*HRMA 







ns 




DMAAK setup time to WR i 




6 


tSWMA 







ns 




DMAAK hold time from WR t 




6 


tHWMA 







ns 




Dispiay Memory Bus Read Cycle 


CLK t to address or data output delay time 




4,7,8 


ktKA 




30 


ns 


Cl = 50 pF 


Input data setup time to CLK t 




7 


tSKD 


20 




ns 




Input data hold time from CLK t 




7 


*HKD 







ns 




CLK t to DASTB t delay time 




7,8 


*DKDSH 




30 


ns 


Cl = 50 pF 


CLK i to DASTB i delay time 




7,8 


tOKDSL 




30 


ns 




CLK t to DRD delay time 




7 


tOKDR 




30 


ns 




CLK t to DWR delay time 




8 


tDKDW 




30 


ns 




System Bus Read Cycle 


setup time to RD 4, 




9 


tSRC 







ns 




C5 hold time from RD t 




9 


*HRC 







ns 




R0 width, high 




5,9 


*WRH 


50 




ns 




ASTB pulse width 




5,6,9,10 


%VS 


30 




ns 
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AC Characteristics (cont) 



Parameter 


Figure 


Symbol 


Mln Max 


Unit 


Condition 


ASTB setup time to M 4 


5,9 


tSRAS 





ns 




Address setup time to ASTB i 


5,6,9,10 


tSASA 


20 


ns 




Address hold time from ASTB i 


5,9 


tHASA 





ns 




Data setup time to READY t 


5,9 


tSRYD 





ns 




Data f ioat deiay time from RD t 


5,9 


tpRD 


40 


ns 




Who ready i deiay time 


5,9 


toRRY 


30 


ns 


Cl = 50 pF 


RD hoid time from READY t 


5,9 


tHRYR 





ns 




CLK t to READY t deiay time 


5,9 


tOKRY 


40 


ns 


Cl = 50 pF 


RD t to ASTB t delay time 


5,9 


tDRAS 





ns 




System Bus ¥frHe Cycle 


C5 setup time to WR i 


10 


tswc 





ns 




C5 hoid time from WR t 


10 


tHWC 





ns 




width, low 


6,10 


twWL 


50 


ns 




width, high 


6,10 


twWH 


50 


ns 




Data setup time to WR t 


6,10 


tsWD 


50 


ns 




Data hoid time from WR t 


6,10 


tHWD 





ns 




WR 4 to READY i deiay time 


6,10 


toWRY 


30 


ns 


Cl = 50 pF 


WR hold time from READY t 


6,10 


tHRYW 


50 


ns 




CLK t to READY t delay time 


6,10 


toKRY 


40 


ns 


Cl = 50 pF 


ASTB setup time to WR i 


6,10 


tsWAS 





ns 




WR t to ASTB t delay time 


6,10 


tDWAS 





ns 




EHsplay Cycle 


SCLK t to DASTB t delay time 


11,12,13 


toSKDASH 


30 


ns 


Cl = 50 pF 


SCLK i to DASTB I delay time 


11,12,13 


toSKDASL 


30 


ns 




SCLK t to DT/DISP delay time 


11,12,13 


toSKDT 


30 


ns 




SCLK t to address delay time 


11,12,13 


tDSKA 


30 


ns 




SCLK t to output signal deiay time 
(HS, VS, BLANK, or GCSR) 


11,12, 
13 


tDSKD 


50 


ns 




SCLK t to WAIT delay time 


11,12 


tDSKWT 


70 


ns 




WAIT pulse width 


11 


twwr 


4tCYSK-70 


ns 




EXVS setup time to SCLK t 


11 


tsSKEV 


20 


ns 




EXHS setup time to SCLK t 


11 


tsSKEH 


20 


ns 




EXVS hold time from SCLK t 


11 


tHSKEV 


20 


ns 




EXHS hold time from SCLK t 


11 


tHSKEH 


20 


ns 
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Figure I. Vbttsge Thresholds lor Timing 
Measurements 



Figure 3. Reset and interrupt Waveforms 



Input 2.4 V- 
[except for 
CLKorSCLK] 0.45 V- 



X2.2V 2.2 V W" 

0.8 V 0.8 V A 



Input 
[CLK, SCLK] 



Output 
[CL=50pF] 



/•3.5 V 3.5 V V 

__/o.6V 0.6 V\_ 



X2.2V 2.2 V 

0.8 V 0.8 V/ \ 



Ff<grifii0 2. C/odr mweforms 




tKR- 



tWKH 



tWKL 



■tCYK- 



-tKF 



tSKR~* 



tWSKH 



tWSKL 



-tCYSK- 



-tSKF 



Figure 4. HLDRQandHLDAKmveforms 



tHKHQ 



tSKHQ 



tHKHQ 



tSKHQ 



tDKHA 



DAD0-DAD15, 
DA1 6-DA23 



H £ 



tDKHA 



tDKA^ ► 


^ High Impedance - 


tDKA 


1 


t 





Note: DUBE, DLBE do not go to high impedance 
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Figure 5. DMA Read Cycle 



m 



ASTB 



AD0-AD15- 



tDKMQ 



tSMAMQ 



tDKMQ 



-tWAS- 



tSASA 



C 



tSRMA 



< HtDRRY 



tSRAS 



tHASA. 



■^J^ 

tSRYD 



Valid Address 
[only ADo] 



tDKRY 



^tHRMA 



-tWRH- 



-tDRAS 



/ V 



HtFRD 



tHRYR 



Valid Data 



tSASA 



HtHASA 



Dbe 



3 
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Figure e. Dm Write Cyde 



tDKMQ 



DMAAK 



< HtSMAMQ 



tDKMQ 



tSWMA 



WR 



\ 



-tWAS-> 



ASTB 



tSASA 



AD0-AD15- 



\ 



-twWL- 



tDWRY tHRYW 



tDKRY 



/V. 



HtHWMA 



-twWH- 



tSWAS 



- tDWAS 



Valid Address T } ^ 

[only ADO] j Vjj- 



tHASA 



-tSWD- 



itHWD 



tSASAN J U- 

IM yt Valid 



> 



tHASA 



K 



3C 
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Figure 7. Display Memory Bus Read Cycle 
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tSKD 
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DUBE 
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tHKD 



tDKAH * 

-A 
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Valid Address 
f 1 





tDKAH 



x: 
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Figure A. Display Memory Bus Wtlte Cycle 
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Valid Address 



tDKA 



tDKA 



tDKDW 



x: 



DUBE 
DLBE , 



tDKA 



X 



tDKA 



Valid Address 



DA16-DA23 ' 
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Figured, System Bim Bead Cycle 
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Figure 10. System Bus Wtiie Cycle 
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FIgunll. Display Cycle 



DUBE. DLBE 
DAD0-DAD15, DA16-DA23 - 



tDSKDASH 



tDSKDASL 



1 



tDSKA 



Valid Address 



GCSR, VS/EXVS, 
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tDSKO 



tDSKA 



XL 

-*i tDSKO 

xz 



tDSKDT 



itDSKDT 
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WAIT 



tDSKWT 
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-tWWT- 



tDSKWT 



tHSKEV 



D1 Cycle 



tSSKEV 



D2 Cycle 




D1 Cycle 
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tSSKEV 



SCLK 



tHSKEH 



D2 Cycle 



D1 Cycle 



D2 Cycle 
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tSSKEH 


»n 
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Figure 12, Display Refresh Cyde (DT Mode) 
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tDSKO- 



/ 



)C 



DT/ 
DISP 



tDSKDT— > K- 
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Figure 13. Di^iay Refresh Cycle (CS Mode) 
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FUNCTIONAL DESCRIPTION 
Preprocessor 

The preprocessor includes a 56-word parameter RAM, an 
arithmetic logic unit, and a general-purpose register It 
carries out the following drawing preprocessing by mi- 
croprogram control. 

• Conversion between coordinate and physical ad- 
dresses 

• Command interpretation 

• Drawing parameter generation 

• Calculation of tiling pattern position 

• Sorting of vertex coordinates for triangular fill com- 
mand 

• Error checking on user-defined parameters 

• Data passing with drawing processor 

• Drawing processor initiation 

Along with the drawing processor, the preprocessor 
forms part of a three-stage pipeline to improve through- 
put. 

Drawing Processor 

The drawing processor carries out the drawing opera- 
tions on the display memory with the commands and 
parameters generated by the preprocessor. The drawing 
processor includes various arithmetic units, a general- 
purpose register, an arithmetic logic unit, and mask 
generating circuitry In addition, it contains a 32-bit 
barrel shifter for high-speed bit-boundary processing 
operations and a 90-degree rotation data buffer These 
components are controlled by a horizontal-type micro- 
program that can execute five types of instructions 
simultaneously in a single step. 

Display Processor 

An external dot-shifter for parallel-to-serial conversion is 
generally necessary to create scan line information for 
display on a CRT. The display processor generates dis- 
play addresses to supply the image data to the dot 
shifter. This processor includes a DRAI\^ refresh control- 
ler to generate refresh addresses during the horizontal 
sync active period. The display controller also controls 
the generation of refresh and display addresses for 
dual-port DRAMs (video RAMs), DRAMs, and SRAMs. 



Sync Signal Generator 

The sync signal generator produces horizontal and ver- 
tical sync signals and blank signals according to the 
parameters set by the user This circuitry also generates 
the graphics cursor signal that can be used (with exter- 
nal circuitry) to generate a screen cursor. 

CPU Interface Unit 

The CPU interfa ce unit includes a DMA interface 
(DMARQ, DMAAK) and an interrupt (INT) control circuit. 
The unit controls timing for system bus communica- 
tions. 

Display Memory Interface Unit 

This interface unit controls the drawing, display, and 
refresh address outputs. It also controls the display 
memory bus arbitration for direct access to the display 
memory by other processors. 

REGISTERS 

Table 1 lists the registers according to four classifica- 
tions: control, display, drawing, and data port. Figure 14 
shows the register configurations in numerical order by 
register address from OOH to 7FH. 



Also in numerical order by address are the register 
descriptions in table 2. Figures listed below supplement 
the descriptions. 



Figure 


Title 


15 


Raster Operations; Replace and XOR 


16 


Raster Operations; AND and OR 


17 


Status Register Configuration 


18 


Display Memory Address Generation 


19 


Control Register Configuration 


20 


Definition of Clipping Rectangle 


21 


Display Control Register Configuration 


22 


Cursor Position Registers 


23 


Horizontal and Vertical Sync 




Timing Diagram 



DRAWING OPERATIONS 

The DRAW command is written to the COMMAND regis- 
ter at address 6EH-6FH. The opcode in register 6FH 
determines the type of drawing. Various combinations of 
the command are selected by flags in register 6EH. 

Table 3 lists the commands in five categories: data read, 
graphics drawing, fill, copy, and PUT/GET Table 4 de- 
scribes the commands and shows the register configu- 
ration. 
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Figures listed below give examples of DRAW commands 
Figure Title 

24 Graphics Drawing Commands 

25 Fill and Paint Commands 

26 Copy Commands; Copy, Rotate, Slant 

27 Copy Commands; Enlarge/Shrink, Rotate 



Table I, Register Ck^fications 



Classification 


Application 


Register Name 


Address (Hex) 


Bits 


|iiPD72120 AGDC control registers 


status 


STATUS 


3C-3D 


9 




Control 


CTRL 


3D 


8 




Higher 8 bits of address in display memory direct 


BANK 


3C 


8 




access 








Display-related registers 


Display status setting 


DISPLAY CTRL 


70-71 


16 






riRPI AY PITflH 


72-73 


12 






AC 


73 


3 






DAD 


74-76 


24 






WC(L) 


77 


8 






WC(H) 


7D 


4 




Cursor setting 


CRS 


79 


1 






CE 


79 


1 






GCSRX 


78-79 


12 






GCSRYS 


7A-7B 


12 






GCSRYE 


7C-7D 


12 




Horizontal sync signal setting 


HS, HBP 


7E-7F 


12 






HH, HD, HFP 








Vertical sync signal setting 


VS, VBP, 


7E-7F 


12 






L/F, VFP 






Drawing-related registers 


Logical address zero point setting 


EADORG 


00-02 


24 






dADORG 


03 


4 




Logical address setting 


PITCHS 


58-59 


16 






PITCHD 


5A-5B 


16 




Plane setting 


PDISPS 


OC-OE 


24 






PDISPD 


10-12 


24 






PiVlAX 


14-15 


16 




Interplane logical operation setting 


MODO 


16 


4 






M0D1 


16 


4 






PLANES 


5E-5F 


16 




Clipping setting 


XCLMIN 


62-63 


16 






YCLMIN 


64-65 


16 






XCLMAX 


66-67 


16 






YCLMAX 


68-69 


16 






CLIP 


6D 


2 




Eniarge/slirink coefficient setting 


MAGH 


6C 


4 






MAGV 


6C 


4 




Painting pattern setting 


PTNP 


18-1A 


24 






PTNCNT 


60-61 


16 




AGDC work area setting 


STACK 


1C-1E 


24 






STMAX 


5C-5D 


16 




Physical address (word address) 


EAD1 


04-06 


24 




value setting 


EAD2 


08-OA 


24 



Table 5 summarizes the DRAW commands. Table 6 
describes the 20 operation flags that can be set in 
register 6EH. 
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Table f , Begister Classifications (cont) ■ .. .. ■ ■ ■ . . . - 

Classification Application Register Name Address (hlex) Bits 



Drawing related-registers (cont) Physical address (dot address) value setting dADI 07 4 

dAD2 OB 4 



Logical address p( coordinate) value setting X 40-41 16 

DX* 44-45 16 

XS 48-49 16 

XE 4C-4D 16 

XC 50-51 16 

DH 54-55 16 



Logical address (Y coordinate) value setting Y 42-43 16 

DY 46-47 16 

YS 4A-4B 16 

YE 4E-4F 16 

YC 52-53 16 

DV 56-57 16 



Command COMMAND 6E-6F 16 



Data port registers Data port during execution of PUT/GET PGPORT 3E-3F 16 



Data port during execution of READ DP/READ DX* 44-45 16 

COL 



* The DX register is used as the logical address p( coordinate) value setting register 
and at the same time as the data port during the execution of a READ DP or READ COL command. 



Figure 14, Register Contigurations 



02H 



06H 



OAH 



01 H 



05H 



09H 



OOH 



03H 



04H 



07H 



08H 



EADORG 
24 bits 

dADORG 
4 bits 



EAD1 
24 bits 



dADI 
4 bits 



EAD2 
24 bits 



dAD2 
4 bits 



RW 



RW 



RW 



RW 



RW 



mi 



OBH 

















1 
































OEH 


ODH 


OCH 
















1 































12H 11H 10H 

Note: Where O's are shown in a register, they must be written. 



PDISPS 
24 bits 

OFI-i is not used 

PDISPD 
24 bits 

131-i is not used 



RW 
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Figure i4. Register Con/iguntlons (conp 



15H 



M0D1 



14H 



MODO 



16H 



PMAX 
16 bits 

MOD1/MOD0 
4 bits eacli 

17H is not used 

















































1AH 


19H 


18H 















































PTNP 
24 bits 

1BH is not used 

STACK 
24 bits 



1EH 



1DH 



1CH 



1FH is not used 

Addresses 20IH-3BH are used as internai worldng registers. Tliese addresses are not avaiiabie to tlie usee 










































SDH 


SCH 




CTRL 1 


BANK 




SDH 


SCH 


































SFH 


SEH 


































41H 


40H 


































43H 


42H 


































45H 


44H 


































47H 


46H 


































49H 


48H 


































4BH 


4AH 


































4DH 


4CH 

































STATUS 
9 bits 



CTRL/BANK 
8 bits each 



PGPORT 
16 bits 



X 

16 bits 



Y 

16 bits 



DX 

16bns 



or 

16 bits 



xs 

16 bits 



YS 

16 bits 



XE 

16 bits 



YE 

16 bits 



W 



mi 



mi 



4FH 



4EH 
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Figure 14. Register Configurations (cont) 





































51H 


50H 


































53H 


52H 


































55H 


54H 


































57H 


56H 


































59H 


58H 


































5BH 


5AH 


































SDH 


5CH 


































5FH 


5EH 


































61 H 


60H 


































63H 


62H 


































65H 


64H 


































67H 


66H 

































69H 



XC 

16 bits 
YC 

16 bits 
DH 

16 bits 



DV 

16 bits 



PiTCHS 
16 bits 

PITCHD 
16 bits 

STMAX 
16 bits 

PI-ANES 
16 bits 

PTNCNT 
16 bits 

XCLMIN 
16 bits 

YCLMIN 
16 bits 

XCLIVIAX 
16 bits 

YCLMAX 
16 bits 



1^ 



FW 



mi 



RW 



68H 



Addresses 6AH-6BH are used as internal worthing registers. Tliey are not available to the user. 

IVIAGH/IVIAGV RW 
4 bits each 



MAGH 


MAGV 


6CH 




CLIP 



CLIP 
2 bits 



RW 



6DH 
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F^re 14. Register Contiguration (con^ 



OPERATION CODE | 


OPERATION FLAGS 






6FH 






6EH 




































71 H 






70H 







AC 


1 




DISPLAY PITCH 





73H 



72H 



COMMAND 
16 bits 



DISPLAY CTRL 
16 bits 



AC/ 

DISPLAY PITCH 
3/12 bits 



W 



W 



W 



76H 



75H 



74H 



DAD 
24 bits 



W 



77H 



CRS 


CE 





o| 


GCSRX 












79H 


78H 









































7BH 


7AH 


WC(H) j 






























7DH 


7CH 









































7FH 


7EH 











1 






























7FH 


7EH 









































7FH 


7EH 









































7FH 


7EH 









































7FH 


7EH 











1 






























7FH 


7EH 











°l 

























WC(L) 
8 bits 



CRS/CE/GCSRX 
1/1/12 bits 



GCSRYS 
12 bits 



WC(H)/GCSRYE 
4/12 bits 



HS 

12 bits 



HBP 
12 bits 



HH 

12 bits 



HD 

12 bits 



HFP 
12 bits 



VS 

12 bits 



VBP 
12 bits 



W 



W 



W 



W 



W 



W 



W 



W 



W 



W 



W 



7FH 



7EH 
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Figure 14, Register Configurations (cont) 












°l 






























7FH 


TEH 




































12 bits 

VFP 
12 bits 



7FH 7EH 
HS, HBP, HH, HD, HFP, VS, VBR L/F and VFP are ail at address 7EH-7FH and must be written in tlie order listed. 



Tabie2, Register Descriptions 



Address (Hex) 


Bits 


Name 


Description 


00H-02H 


24 


EADORG 

Execution Address 
Origin 


Sets the physical address (effective address) in the display memory corresponding to 
the origin (0,0) on the logical plane (the X-Y coordinate plane). 


03H 


4 


dADORG 

Dot Address Origin 


Sets the dot position in the physical address (effective address) in the display memory 
corresponding to the origin (0,0) on the logical plane (the X-Y coordinate plane). 


04H-06H 


24 


EAD1 

Execution Address 1 


Sets the drawing start physical address value in the drawing processor when the 
drawing start position is given by the physical address. 


07H 


4 


dADI 

Dot Address 1 


Sets the dot position in the display memory when the drawing start position Is given 
by the physical address 


08H-0AH 


24 


EAD2 

Execution Address 2 


Sets the drawing start physical address value In the drawing processor when the 
drawing start position is given by the physical address. 


OBH 


4 


dAD2 

Dot Address 2 


Sets the dot position in the display memory when the drawing start position Is given 
by the physical address. 


OCH-OEH 


24 


PDISPS 

Plane Displacement 
Source 


Sets the number of words that occupy one memory plane when the memory Is 
configured with two or more planes. In the case of a COPY command, sets the number 
of words per source plane. In the case of a PAI NT command, sets the number of words 
per plane containing the tiling pattern. 


10H-12H 


24 


PDISPD 

Plane Displacement 
Destination 


Sets the number of words that occupy one memory plane when the memory Is 
configured with two or more planes. In the case of a COPY command, sets the number 
of words per destination plane. In the case of a PAINT command, sets the number of 
words per painting plane. 


14H-15H 


16 


PMAX 

Plane Maximum 


Sets the number of planes (up to 16) In the display memory to be drawn, as shown In 

the following table: 

PMAX Planes 

0000 0000 0000 0001 1 

0000 0000 0000 0010 1-2 

0000 0000 0000 0100 1-3 

0010 0000 0000 0000 1-14 
0100 0000 0000 0000 1-15 
1000 0000 0000 0000 1-16 


16H 


4 


MODO 

Drawing Mode 


Defines the type of logical operation to be performed during drawing or copying. When 
the bit In the PLANES register corresponding to the memory plane is 0, the logical 
operation defined by MODO is performed. See figures 15 and 16. 


16H 


4 


M0D1 

Drawing Mode 1 


Defines the type of logical operation to be performed during drawing or copying. When 
the bit in the PLANES registers corresponding to the memory plane Is 1, the logical 
operation defined by MODI is performed. See figures 15 and 16. 


18H-1AH 


24 


PTNP 

Pattern Pointer 


Sets the first physical address In the display memory area containing the tiling 
(painting or filling) pattern. 
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Tables. Register Descriptions (contf 



Address (Hex) 


Bits 


Name 


Description 


1CH-IEH 


24 


STACK 
Stack Pointer 


Sets the first physical address in the display memory area to save data such as 
coordinates, etc., during retrieval of the boundary points during the PAINT command 
(arbitrary area fill). It may be considered as the working area of the AGDC during 
execution of the PAINT command. 


3CH-3DH 


9 


STATUS 
Status 


Contains the internal status of the AGDC. The format is shown in figure 17. 


3CH 


8 


BANK 
Bank 


The AGDC interface to the CPU accommodates up to a 20-bit address. The AGDC can 
address 16M words (32M bytes) of display memory (24-bit addressing). When the CPU 
addresses display memory directly (through the AGDC), the lower 16 or 20 bits 
provided by the CPU are combined with the 8 bits from the BANK register to form the 
24-bit display memory address. The address combination Is shown in figure 18, 


3DH 


8 


CTRL 
Control 


Controls internal AGDC processing. See figure 19. 


3EH-3FH 


16 


PGPORT 
Put/Get Port 


During a PUT operation, data is written to this register by the host CPU or system DMA 
controller. The AGDC then places the data into display memory During a GET 
operation, the host CPU or DMA controller reads the data from this register that was 
retrieved from the display memory by the AGDC. 


40H-57H 


16 

each 


X, Y, DX, DY XS, YS, 
XE, YE, XC, YC.DH, 
DV 


Set the coordinate parameters for various drawing operations. The DX register is also 
used for reading the data during the READ COL command. The DH register is also 
used for storing half the line pattern when a 32-bit line pattern is used. 


58H-59H 


16 


PITCHS 
Pitch Source 


Sets the number of words in the horizontal direction of the source display memory area 
to be transferred. 


5AH-5BH 


16 


PITCHD 

Pitch Destination 


Sets the number of words in the horizontal direction of the display memory for drawing 
or as the destination of display memory transfer. 


5CH-5DH 


16 


STIVIAX 

Stack IVIaximunr) 


Sets the size of the display memory area in words for the STACK (used during the 
arbitrary area fill PAINT command). Each boundary point found during the PAINT 
command requires six words of memory in the STACK area. 


5EH-5FH 


16 


PLANES 
Plane Select 


Selects the type of logical operation to be performed on each plane during drawing or 
copying. Each bit in this register corresponds to a display memory plane.The least 
significant bit (bit 0) corresponds to the first plane, the most significant bit (bit 15) to 
the leth plane. A in the bit position for a plane indicates that the logical operation 
specified by MODO is to be performed and a 1, the operation specified by MODI. 


60H-61H 


16 


PTNCNT 
Pattern Count 


Sets the line pattern for drawing straight and curved lines. During filling or painting 
operations, the function of this register depends on the TL bit as follows. 

TL = 1 PTNCNT specifies the length (in words) of the tiling pattern in display memory 

The starting address is contained in the PTNP register. 
TL = PTNCNT contains the actual 16-bit pattern to be used as the tiling pattern. 


62H-69H 


16 

each 


XCLMIN, YCLMIN, 
XCLMAX, YCLIVIAX 

X and Y Clipping, 

Minimum/Maximum 

Values 


Defines the rectangular clipping region. An example is shown in figure 20. 


6CH 


4 


MAGH 

Horizontal 

Magnification 


Sets the horizontal enlarge/shrink factor. 


6CH 


4 


MAGV 
Vertical 
Magnification 


Sets the vertical enlarge/shrink factor. 
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Table 2. Register Descriptions (cont) 



72H-73H 



12 



Address (Hex) 


Bits 


Name 


Description 


6DH 


2 


CLIP 

Clipping Mode 


Sets the clipping mode to select one of the following operations. 
CLIP Function 

00 Draws within the clipping rectangle. Must be in this mode for PAINT. 

01 No clipping operation 

10 Draws outside the clipping rectangle 

11 Prohibited 


6EH-6FH 


16 


COMMAND 


Commands to be executed by the AGDC are written to this register. The lower byte 
(bits 0-7) consists of operation flags and the upper byte (bits 8-15), an operation code. 
Processing begins when an operation code is written to the COMMAND register. 


70H.71H 


16 


DISPUYCTRL 
Display Control 


Sets the operation of the display processor and sync signal generation. The format and 
function are shown In figure 21. 



DISPLAY PITCH 



Sets the total number of words in the horizontal direction (width) of a plane. 



Display Pitch 



Number of addresses (words) 



0000 


0000 


4096 


0000 


0001 


1 


0000 


0010 


2 


0000 


0011 


3 


1111 


1110 


4094 


1111 


1111 


4095 



73H 



AC 

Address Control 



Defines which address bus signal lines should be used to output the refresh address. 



AC 


Refresh address output pins 


Conditions for setting DT active 


000 


DAD0-DAD12 


DAD0-DAD7 « 


001 


Disabled 


Disabled 


010 


Disabled 


Disabled 


oil 


Disabled 


Disabled 


100 


DAD-j-DAD-jg 


DAD^-DADs «0 


101 


DAD2-DAD12 


DAD2-DAD9 »0 


110 


DAD3-DAD12 


DAD3-DAD10 =0 


111 


DAD4-DAD12 


DAD4-DAD11 =0 



74H-76H 



24 



DAD 

Display Address 



Sets the display starting address for the screen 



77H (Lower 8 
bits), 

7DH (Upper 4 
bits) 



12 



WC 

V\ford Count 



Sets the number of displayed words during a horizontal scan line (while BLANK low or 
Inactive) 



WC 



0000 0000 0000 
0000 0000 0001 



Number of displayed words 
1 
2 



1111 1111 1110 4095 
1111 1111 1111 4096 



78H-79H 



12 



GCSRX 

Graphics Cursor X 
Coordinate 



Sets the X (horizontal) coordinate start for the graphics cursor output pin. It is given 
as the number of dispaly cycles from the start of each horizontal scan line 



GCSRX 




Starting position on each horizontal line 


0000 0000 


0000 


Disabled 


0000 0000 


0001 


1st display cycle 


0000 0000 


0010 


2nd display cycle 


1111 1111 


1110 


4094th display cycle 


1111 1111 


1111 


4095th display cycle 
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Table 2, Register Descriptions (conp 



Address (Hex) Bits Name 



Description 



79H 



1 



CRS 

Cursor Configure 
Select 



Determines whether the horizontal and vertical cursor position registers are ANDed or 
ORed together. See figure 22. 



CRS 

1 



Function 

AND 

OR 



79H 



CE 

Cursor Display 
Enable 



Enables the graphics cursor signal to be output on the GCSR pin. 
Function 



CE 

1 



Disabled 
Enabled 



7AH-7BH 



12 



GCSRYS 

Graphics Cursor Y 
Coordinate Start 



Determines the starting Y (vertical) coordinate of the graphics cursor, counting 
display lines from the top down. 

GCSRYS Vertical starting line 

0000 0000 0000 Invalid 

0000 0000 0001 1st display line 

0000 0000 0010 2nd display line 



1111 1111 1110 
1111 1111 1111 



4094th display line 
4095th display line 



7CH-7DH 


12 


GCSRYE 


Determines the ending Y (vertical) coordinate of the graphics cursor, counting display 






Graphics Cursor Y 


lines from the top down. 






Coordinate End 


GCSRYE Vertical ending line 












0000 0000 0000 Invalid 








0000 0000 0001 1st display line 








0000 0000 0010 2nd display line 








1111 1111 1110 4094th display line 








1111 1111 1111 4095th display line 



7EH-7FH 



12 



HS (Horizontal 
Sync), 

HBP (Horizontal 
Bacl< Porch), 

HH (HBP to 
Midpoint Between 
Consecutive HSs), 
HD (Horizontal 
Drawing Period), 

HFP (Horizontal 
Front Porch) 



Sets the horizontal video sync (timing) parameters. See figure 23. 
HS Horizontal sync high-level period (horizontal retrace) 
HBP Horizontal back porch (non-displayed portion on left side of screen) 
HH Rising/falling timing for even field synchronization during Interlaced display 
HD Horizontal display period (active display time) 
HFP Horizontal front porch (non-displayed portion on right side of screen) 

HS, HBP, HH, HD, HFP * SCLK periods 
0000 0000 0000 2 clocks 

0000 0000 0001 4 clocks 



1111 1111 1110 
1111 1111 1111 



8190 clocks 
8192 clocks 



*One display cycle is equal to two SCLK periods 
Setting requirements 

For display control by AGDC: HS, HBP, HH, HD, HBP ^ 4 SCLK periods 

For interlace display: HBP & 6 SCLK periods 

For AGDC in slave mode: HS s; 10 SCLK periods 
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Table 2, Register Descriptions (conp 



Address (Hex) Bits Name 



Description 



7EH-7FH 



12 

each 



VS (Vertical Sync), 

VBP (Vertical Back 
Porch), 

L/F (Lines per Field), 

VFP (Vertical Front 
Porch) 



Sets the vertical sync (timing) parameters. See figure 23. 
VS Vertical sync (retrace) high-level period 

VBP Vertical back porch (non-displayed portion on upper part of screen) 

L/F Lines per field (number of horizontal scan lines displayed) 

VFP Vertical front porch (non-displayed portion on lower part of screen) 



VS, VBP, L/F. VFP 

0000 0000 0000 
0000 0000 0001 
0000 0000 0010 



*Horizontal scan lines 

4096 
1 
2 



1111 1111 1110 
1111 1111 1111 



4094 
4095 



* \A9rtlcai timing parameters are set as multiples of the horizontal scan line period. 
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Figure IS, Raster Operations: Repiace and XOR (MODMMOD1) 



Source [S] 



Destination [D] 



0000000000 



00 




00 


00 


1 1 


00 


00 


1 1 


00 


00 


1 1 


00 


00 




no 



0000000000 



000000000000000000 
000000000000000000 
000000000000000000 
000000000000000000 
000000000000000000 



MOD = 0000; Replace D by S 



D 


s 


D 














1 


1 


1 








1 


1 


1 


MOD = 


D 


s 


D 








1 





1 





1 





1 


1 


1 






00000 00000000000 



0000000000 



00 




00 


00 


1 1 


00 


00 


1 1 


00 


00 


1 1 


00 


00 




no 



0000000000 



111111111111111- 



0001; Replace D by S 



000000 00000000000 



1111111111 




00 






00 






00 




1111111111 



1111111111111111 



MOD =: 0100; XORDandS 



D 


s 


D 














1 


1 


1 





1 


1 


1 





MODz 


D 


s 


D 








1 





1 





1 








1 


1 


1 



000000000000000000 



000 

00 

00 


0000 

1 1 


000 
00 
00 


1 1 
1 1 
1 1 1 


00 

1111 


1 1 
1 1 
1 1 1 



11111111111111 



= 0101; XORDandS 



0000000000 00000 



1 1 1 
1 1 
1 1 


1111 

00 


111 
1 1 
1 1 


00 
00 
000 


1 1 

0000 


00 
00 
000 



111111111111111^ 



MOD = 0010; Replace D by 



D 


s 


D 














1 





1 








1 


1 






000000000000000000 



0000000000 
0000000000 
0000000000 
0000000000 
0000000000 
0000000000 
0000000000 

11111111111111 



MOD = 0110; XORDandO 



D 


s 


D 














1 





1 





1 


1 


1 


1 



000000000000000000 
00 
00 
00 
00 



0000000000 
0000000000 
0000000000 



1111111111 
1111111111 
1111111111 

11111111111111 



MOD = 001 1 ; Replace D by 1 



D 


s 


D 








1 





1 


1 


1 





1 


1 


1 


1 



000000000000000000 



1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 



11111 111111111 



MOD = 0111; XORDandl 



000000000000000000 
OOr 
00 
00 
00 



1111111111 
1111111111 
1111111111 



0000000000 
0000000000 
0000000000 



11111111111111 
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Figure 16, Raster Operations; AND and OR (MODMMODI) 



Source [S] 



Destination [D] 



0000000000 



00 




00 


00 


1 1 


00 


00 


1 1 


00 


00 


1 1 


00 


00 




on 



0000000000 



000000000000000000 
000000000000000000 
000000000000000000 
0000000000000000 
000000000000000000 



MOD = 1000; AND D and S 



D 


s 


D 














1 





1 








1 


1 


1 


MOD: 


D 


s 


D 














1 





1 





1 


1 


1 





MOD: 


D 


s 


D 














1 


1 


1 








1 


1 





MOD : 


D 


s 


D 








1 





1 





1 








1 


1 






000000000000000000 



0000000000 
0000000000 
000000000 

00 I 1 00 

00 1100 

00 I -I 00 

0000000000 



1 1 1 111111 1 1 1 1 1 



1001; AND D and S 



000000000000000000 



0000000000 
0000000000 
0000000000 
00 
00 



1 1 
1 1 



1 1 
1 1 



1111111111 



111111111111111' 



MOD = 1010; AND D and S 



000000000000000000 



0000000000 

00 r 1 00 

00 1100 

00 I— 1 00 

0000000000 
0000000000 
00000000 



11111111111111 1 ■ 



1011; AND D and S 



000000000000000000 



1111111111 



1 1 
1 1 



1 1 
1 1 



00 
00 

0000000000 
0000000000 
00000000 



111111111111111- 



MOD = 1100; ORDandS 



D 


s 


D 














1 


1 


1 





1 


1 


1 


1 


MOD 


D 


s 


D 








1 





1 





1 





1 


1 


1 


1 



000000000000000000 



0000000000 



00 
00 



1 1 
1 1 

1111111111 
1111111111 
1111111111 



-lOO 

00 
00 



1111111111111111 



= 1101; ORDandS 



000000000000000000 



111111111" 

1111111111 
1111111111 

1111111111 



nOO 
00 
00 




111111111111111- 



MOD = 1110; ORDandS 



D 


s 


D 








1 





1 


1 


1 








1 


1 


1 


MOD 


D 


s 


D 








1 





1 


1 


1 





1 


1 


1 






000000000000000000 



1111111111 
1111111111 
1111111111 
1 1 
1 1 



■lOO 
00 
00 
00 



0000 000000 



111111111111111- 



= 1111; ORDandS 



000000000 00 0000000 



1111111111 
1111111111 
1111111111 



■lOO 

00 
00 



1111111111111111 
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Figure 17. Status Register Format 



8 


7 


6 


5 


4 


3 


2 


1 





CLIP 


1 PGRDY 


ODDFB 


VSB 


VS 


DPERR 


PPERR 


DPBSY 


PPBSY 



3DH 3CH 



Bit 


Flag Name 


Abbreviation 


IVIeaning Wlien Bit = 1 





Preprocessor Busy 


PPBSY 


The preprocessor is executing a command. 


1 


Drawing Processor Busy 


DPBSY 


The drawing processor Is executing a command. 


2 


Preprocessor Error 


PPERR 


An error was detected during the execution of a command by the preprocessor. 


3 


Drawing Processor Error 


DPERR 


An error was detected during execution of a command by the drawing processor. 


4 


Vertical Sync Period 


VS 


Indicates vertical sync period. 


5 


Vertical Blanking Period 


VSB 


Indicates vertical blanking period. 


6 


Odd Field 


ODDFD 


Indicates odd field during interlaced operation. 


7 


Put/Get Ready 


PGRDY 


Indicates that data can be transferred during a PUT or GET command. 


8 


Clipping 


CLIP 


Picking or object detected. 
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Figure 18. Display Memory Addressing 



CPU 
interface 



Ai9 



A18 



A17 



A16 

AD 15 
AD 14 
AD 13 
AD 12 

ADii 
ADio 
AD 9 
AD 8 

AD7 
ADg 
AD5 
AD4 

AD3 
AD2 
ADi 

ADo 
UBE 



Display 
Memory 
Interface 



MSB 



Bank 
Register 



LSB 



-DA 23 

-DA 22 
-DA 21 
-DA 20 
-DA 19 



DA18 



DA17 



DA16 



DAD 15 

. DAD14 
. DAD13 
. DAD12 
. DAD11 

- DAD 10 
-DADg 
-DAD 8 
-DAD? 

■ DADe 

• DAD5 

• DAD4 

■ DAD3 

■ DAD2 

■ DADi 

■ DADo 



-DLBE 
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Flfflirel9. Register Format 



7 


6 


5 


4 


3 


2 


1 





DBIE 


PBIE 


CIE 











ABORT 


RESET 



Bit Flag Name Abbreviation Meaning Wlien Bit = 1 






Software Reset 


RESET 


Initializes |kPD72120. 


1 


Processor Abort 


ABORT 


Stops any processing being performed and dears the processor BUSY status. 


2 


Not used 




Must be set to 0. 


3 


Not used 






4 


Not used 






5 


Clipping Interrupt Enable 


CIE 


Enables the INT signal when picking (drawing in the clipped region). 


6 


Preprocessor Busy 
interrupt Enable 


PBIE 


Enables the INT signal when the preprocessor status changes from BUSY to NOT 
BUSY 


7 


Drawing Processor 
Busy interrupt Enable 


DBIE 


Enables the INT signal when the drawing processor status changes from BUSY to 
NOT BUSY 



Figure 20, Rectangular Clipping Region 





Clipping 
Rectangle 




f 

YCLMAX 

YCLMIN 
X 


XCLMIN XCLMAX 


(0.0) 

83SL-S847A 



Figure 21, Display Control Register 



MSB 15 


14 


13 12 11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 


LSB 




DTM 


DTT 


DAD + 


IN 


RE 


SC 


|fccl 


TCCL 


MASK 


M/S 


SD 


LFI 


SPST 


SVS 





Bit Flag Name Abbreviation Function 

Slave Sync SVS When the AGDC is in the slave mode, SVS determines the initialization of the inter- 

nal horizontal and vertical counters. SVS is ignored in the master mode. 

SVS 

Initializes the vertical and horizontal counters at the rising edge of EXVS and 
EXHS, respectively 

1 Initializes the vertical and horizontal counters at the rising edge of EXVS. 

1 Sync Parameter Setting SPST Enables the writing of the sync timing parameters (HS, HBP, HH, HD, HFP, VS, VBP, 

L/F and VFP) to address 7EH-7FH. The writing should take place after SPST Is set 
to 0, then to 1. 

SPST 

Disables writing of sync parameters 

1 Enables writing of sync parameters 

Defines whether there is an even or odd number of lines per frame in interlaced 
mode. LFI is ignored in non-interlaced mode. 
LFI 

Even total number of lines for the sum of even and odd fields (one frame). 

1 Odd total number of lines for sum of even and odd fields. 



2 Display Lines per Frame in LFI 
Interlace Mode 
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Figure 21, Display Controi Register (cont) 



Bit 


Flag Name 


Abbreviation 


Function 


3 


Stop Display 


SD 


Defines the state of the BLANK output signal. SD is set to 1 by a high level on the 
RESET pin. 

en 

BLANK signal active (high) only for the non-display period defined by the 
video sync signals. 

1 BLANK signal active for display and non-display periods (on continuously), 


4 


Master/Slave 


M/S 


Defines whether the AGDC is a master or a slave In terms of video sync signal gen- 
eration. 

M/S 

Sets the AGDC to slave mode (video sync signals input through EXVS and 
EXHS). 

1 Sets the AGDC to master mode (generates video sync signals and outputs 
them through VS and HS). 


5 


Mask 


MASK 


Defines the VS signal output timing In the master mode. In the slave mode, defines 
the validity of the EXHS and EXVS sync timing Input. 

Mo MAoK. 

Accepts EXHS and EXVS sync timing Input. 

1 Ignores EXHS and EXVS sync timing Input. 

1 Only the VS signal of the even field in Interlace mode Is output. 
1 1 The VS signal is output normally. 


6 


Timing Counter Clear 


TCCL 


Defines the timing for initializing the internal display cycle counter when the AGDC 
Is In slave mode. TCCL is ignored when the AGDC is In master mode. 

Does not initialize the display cycle counter on the rising edge of EXVS. 

1 Initializes the display cycle counter on the rising edge of EXVS (sets the 
counter to the D1 cycle). 


7 


Field Counter Clear 


FCCL 


Defines the timing for initializing the internal field countef when using interlaced 
display in the slave mode. When the AGDC Is in master mode or non-interlaced dis- 
play, FCCL is ignored. 

FCCL 

Does not initialize the field counter on the rising edge of EXVS. 

1 Initializes thd field counter on the rlslno edoe of FXX/f^ ^ettino the counter to 

the even field. 


8 


Steal Control 


SC 


Defines the relationship between the CLK and SCLK signals when the AGDC Is in 
the DT mode (using video RAMs). If the AGDC Is in cycle steal mode, SC Is ignored. 
SC 

CLK does not equal SCLK 

1 CLK and SCLK are the same 








9 


Refresh Enable 


RE 


Defines whether the AGDC Is to generate DRAM refresh addresses. 
RE 

The AGDC does not generate DRAM refresh addresses 

1 The AGDC generates DRAM refresh address while HS Is active (high) 








10 


Interlace 


IN 


Defines whether interlaced or non-interlaced display mode is to be used. 
IN 

Non-interlaced display 

1 Interlaced display 
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Figure 21. Display Coniroi Register (conif 

Bit Flag Name Abbreviation Function 

11, Display Address DAD + Defines liow tiie AGDC's 24-bit display address register is to be incremented during 

12, Proceedings each display cycle. The register is not incremented while BLANK is active. It is in- 
13 cremented ast each display cycle (two SCLK periods) in the DT (VRAM) mode or 

each time a display cycle is started in the CS (cycle steal) mode. 
DAD+ Increment 

000 DAD + 1 DAD — DAD + 1 -*DAD+2-*DAD+3-*DAD+4. .. 

001 DAD+2 DAD DAD+2 -* DAD+4 - DAD+6 - DAD+8 . . . 

010 DAD + 4 DAD -* DAD+4 - DAD+8 - DAD + 12 DAD + 16 . . . 

011 DAD+8 DAD - DAD+8 - DAD + 16 -* DAD+24 - DAD+32 . . . 

100 DAD + 16 DAD DAD + 16 — DAD+32 — DAD +48 — DAD +64 . . . 

101 DAD + 32 DAD - DAD+32 -*DAD+64-*DAD + 96-*DAD + 128... 

110 DAD + 1/4 DAD -DAD-* DAD -DAD -DAD + 1 -DAD + 1 

111 DAD + 1/2 DAD -DAD -DAD + 1 - DAD + 1 - DAD+2 - DAD+2 . . 



14 Data Transfer Timing DTT Defines the output timing for the DT (data transfer) signal when using VRAMs. DTT 

is ignored in the cycle steal mode. 
DTT 

DT is generated (active low) when any of the following conditions is true. 

(a) At the start of the screen display (at the first rising edge of the BLANK sig- 
nal in a frame) 

(b) At the start of each horizontal scan line (at the falling edge of BI-ANK) 

(c) When all 8 AC register-defined bits of the 24-bit display address are 
(when the lower 8 bits are OOH). 

1 DT is generated when any of the following conditions is true. 

(a) At the start of the screen display (at the first rising edge of the BLANK sig- 
nal in a frame) 

(b) When all 8 AC register-defined bits of the 24-bit display address are 0. 

15 Data Transfer Mode DTM Defines the display cycle generation timing. Data transfer mode is normally used 

with video F^Ms and cycle steal mode with other types of memories. 
DTM 

Sets the cycle s'.eal (SC) mode. The DT/DiSP pin outputs the DiSP signal (ac- 
tive low). Display and drawing cycles alternate in this mode. 

1 Sets the data transfer (DT) mode. The DT/DISP pin outputs the DT signal (ac- 
tive low). 



Figure 22. Cursor Ihfsiiion Seiect 



CRS = 



CRS = 1 



1 Display Cycle— ^-j j-*— 

n 



1 Display Cycle — |-*— 

n 



-GCSRYE- 



GCSRX 
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Figure 23, Horizontal and Wrticai Timing Parameters 



VSYNC 
2nd Field 



VSYNC 
1 St Field 



VSYNC 



VBLANK 



VBP 



. HD - 
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Tables. UstoiDRAWComnumas 



Commands 




Absolute Coordinates 


Relative Coordinates 


Data Read Commands 


Coordinate value read 


READ_DP 






Color information read 


READ.COL 




Graphics Drawing 
Commands 


Dot 


DOT.D 
A^DOT_M 


R^DOT_M 




Straight line 


A_LINEJVI1 
A.LINE_M2 
A_UNE_DO 
A^LINE_D1 
A-LINE_D2 
A_LINE_D3 


R_LINE_MO 
R_LINE.M1 
R^LINE_M2 
R«LINE-DO 
R_LINE_D1 
R_LINE_D2 




Rectangle 


A-REC 


R_REC 




Circle 


CRL 






Arc 


CARC 






Circle sector 


CSEC 






Circle segment (bow) 


CSEG 






Ellipse 


ELPS 






Ellipse arc 


EARC 






Ellipse sector 


ESEC 






Ellipse segment (bow) 


ESEG 




Fill Commands 


Arbitrary area fill 


PAINT 






Triangle fill 


A-TRLFILL 






Trapezoid fill 


A^TRA-FILL 






Rectangle fill 


AJIECJ=ILU.C 
A^REC_FILL_A 


R^REC^ILL 




Circle fill 


CRLflLL 






Ellipse fill 


ELPS^FILL 




Copy Commands 


Physical address to physical address 


A^COPY_AA 






Coordinate to physical address 


A-COPY_CA 






Physical address to coordinate 


A^COPYJ^C 






Coordinate to coordinate 


A^COPY^CC 






Copy function extensions 


90*^COPY 
SL_COPY 
FR_ES^COPY 
ES_COPY 




PUT/GET Commands 


System memory to display memory 


PUTJV 
PUTX 






Display memory to system memory 


GET^ 
GET.C 






GET function extensions 


SO^^GET 
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Tabic 4. DRAW Command Descriptions 



Commands 



Name 



Data Read Commands 



READ^DP 

Read Drawing Pointer 



6FH 



Description 



The current drawing pointer coordinates p(#, Y#) are output 
to tlie X and Y registers to be read by the host CPU. 

6EH 



READ_COL The color information in each memory plane corresponding to 

Read Color the coordinates pc, Y) pointed to by the X and Y registers is 

placed in the DX register to be read by the host CPU. The 
least significant bit corresponds to the first plane, the most 
significant bit to the 16th plane. 



6FH 6EH 



1 








1 


1 


1 

































Graphics Drawing Commands 



DOT_D 
Dot Direct 



6FH 



A dot Is drawn at the current drawing pointer coordinates (X#, 
Y#). The drawing pointer p(#, Y#) remains unchanged. The bit 
pointer of the PNTCNT register shifts from the LSB by 1 bit 
toward the MSB . 

6EH 















1 








1 


IP 





PXEN 


BPPX 









KDOT JA A dot is drawn at the pc, Y) coordinates pointed to by the X 

Absolute Dot with Move and Y registers, respectively The drawing pointer p(#, Y#) 

changes to (X, Y). The bit pointer of the PNTCNT register 
shifts from the LSB by 1 bit toward the MSB . 

6FH 6EH 















1 


1 





[ 


IP 





PXEN 


BPPX 









R_DOT_M A dot is drawn at the (X+DX,Y+DY) defined by the X,DX,Y 

Relative Dot with Move and DY registers, respectively The drawing pointer p(#, Y#) 

changes to (X+DX, Y+DY). The bit pointer of the PNTCNT 
register shifts from the LSB by 1 bit toward the MSB . 

6FH 6EH 












1 











1 


IP 





PXEN 


BPPX 









Absolute Line with Move 0, 1, 2 A straight line Is drawn from coordinates p(, Y) pointed to by 

the X and Y registers to (XE, YE) pointed to by the XE and YE 
registers. WEP determines whether the end point p(E, YE) Is 
drawn. The drawing pointer (X#, Y#) changes to (XE, YE). The 
commands differ as follows. 



A^LINE_MO 



6FH 



The X and Y registers change to the values in the XE and YE 
registers. The XE, YE, XS, and YS registers do not change 
value. 

6EH 












1 





1 





1 ED 


IP 


ES 


PXEN 


BPPX 


ESH 


WEP 



(PL) 
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Table 4. DRAW Command Descriptions (conQ 

Commands Name Description 

Graphics Drawing A^LINEJ^I Tlie X, Y, XE, YE, XS, and YS registers do not cliange vaiue. 

Commands (cont) 

6FH 6EH 












1 


1 








1 ED 


IP 


ES 


PXEN 


BPPX 


ESH 


WEP 


(pg 


A_LINE^M2 










Tlie XS and YS registers change to the values in the X and Y 
registers. The X and Y registers change to the values in the 
XE and YE registers. The XE and YE registers do not change 
vaiue. 








6FH 












6EH 















1 


1 


1 





1 ED 


IP 


ES 


PXEN 


BPPX 


ESH 


WEP 





Absolute Une Direct 0, 1 , 2, 3 A straight line is drawn from the current drawing pointer (X#, 

Y#) to the coordinates (XE, YE) pointed to by the XE and YE 
registers, respectively. The values In the X and Y registers 
should be equal to the drawing pointer pC#, Y#) in order to 
execute these commands. The drawing of the end point (XE, 
YE) is determined by WEP. The commands differ as follows. 



A^LINE^DO 



6FH 



The drawing pointer p<#, Y#) and X and Y register values 
change to XE and YE. The values In the XE, YE, XS, and YS 
registers do not change. 

6EH 









1 














1 ED 


IP 


ES 


PXEN 


BPPX 


ESH 


WEP 



(PL) 



Au.LINE.D1 The values In the X, X XE, YE, XS, and YS registers do not 

change. The drawing pointer p(#, Y#) changes to p<E, YE). 

6FH 6EH 









1 








1 





1 ED 


IP 


ES 


PXEN 


BPPX 


ESH 


WEP 



(PL) 



A_LiNE_D2 The values In the XS and YS registers change to those In the X 

and Y registers. The X and Y register values change to those 
In the XE and YE registers. The XE and YE register values do 
not change. The drawing pointer (X#, Y#) changes to (XE, 
YE). 

6FH 6EH 









1 





1 








1 ED 


IP 


ES 


PXEN 


BPPX 


ESH 


WEP 



(PL) 
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Table 4, DRAW Cwnmand Descripiions (conli 

Commands Name Description 

Graphics Drawing A.LINE_D3 The values in the XS and YS registers are used for the end 

Commands (cont) point of the line. The drawing pointer changes to p<S, YS). The 

values in the X and Y registers change to those In the XS and 
YS registers. The XE, YE, XS, and YS register values do not 
change. 



6FH 6EH 









1 





1 


1 





1 ED 


IP 


ES 


PXEN 


BPPX 


ESH 


WEP 



(PL) 



Relative Line with A straight line is drawn from coordinates pc, Y) pointed to by 

Move 0, 1 , 2 the X and Y registers to the point (X+DX, Y+ DY) with DX and 

DY contained in their respective registers. Drawing of the end 

point Is determined by the WEP bit. 



a.LINE_MO 



6FH 



The drawing pointer (X#, Y#) changes to p(+DX, Y+DY). The 
X and Y registers change to (X+DX, Y+DY). The DX, DY XS, 
and YS register values do not change. 

6EH 









1 


1 











1 ED 


IP 


ES 


PXEN 


BPPX 


ESH 


WEP 



(PL) 



R_LINE_M1 The drawing pointer (X#, Y#) changes to pc+DX, Y+DY). The 

X, Y DX, DY, XS, and YS register values do not change. 

6FH 6EH 









1 


1 





1 





1 ED 


IP 


ES 


PXEN 


BPPX 


ESH 1 WEP 

1 



(PL) 



R_LINE_M2 The drawing pointer (X#, Y#) changes to (X+DX, Y+DY). The 

XS, and YS registers change to (X, Y). The X and Y registers 
change to (X + DX, Y + DY) . The DX and DY register values do 
not change. 



6FH 6EH 









1 


1 


1 








1 ED 


IP 


ES 


PXEN 


BPPX 


ESH 


WEP 



(PL) 



R Line Direct 0, 1, 2 A straight line is drawn from the drawing pointer p(#, Y#) to 

the coordinates (X+DX, Y+DY) pointed to by the DX and DY 
registers. The drawing of the end point is determined by the 
WEP bit. The drawing pointer changes to pc+DX, Y+DY). 



R_LiNE.DO The X and Y registers change to pc+DX, Y+DY). The DX, DY 

XS, and YS register values do not change. 

6FH 6EH 









1 


1 


1 


1 





1 ED 


IP 


ES 


PXEN 


BPPX 


ESH 


WEP 



(PL) 
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Tabled. Drawing Command Descriptions (con^ 



Commands 



Description 



Grapliics Drawing 
Commands (cont) 



R_LiNE_D1 



6FH 



The X Y, DX, DY, XS, and YS register values do not cliange . 

6EH 






1 

















1 ED 


IP 


ES 


PXEN 


BPPX 


ESH 


WEP 


(PL) 


a_LiNE_D2 










Tlie XS and YS registers cliange to p<, Y). Tlie X and Y regis- 
ters cinange to pC+DX, Y+DY). Tlie DX and DY register vaiues 
do not cliange. 








6FH 












6EH 









1 











1 





1 ED 


IP 


ES 


PXEN 


BPPX 


ESH 


WEP 


(PL) 



A^REC 

Absolute Rectangle 



6FH 



A rectangle witli horizontal and vertical sides parallel to the X 
and Y axes Is drawn with the diagonal vertices at coordinates 
(X, Y) and (XS, YS) pointed to by the X, X XS, and YS regis- 
ters, respectively. The drawing pointer p(#, Y#) changes to (X, 
Y). 

6EH 






1 








1 








1 


IP 


ES 


PXEN 


BPPX 


ESH 






RJ^EC 

Relative Rectangle 



6FH 



A rectangle with horizontal and vertical sides parallel to the X 
and Y axes is drawn with the diagonal vertices at coordinates 
(X, Y) and (X+DX, Y+DY). The drawing pointer (X#, Y#) 
changes to p<, Y). 

6EH 






1 








1 


1 





1 


IP 


ES 


PXEN 


BPPX 


ESH 






CRL 
Circle 



6FH 



A circle is drawn countercloclwise with the center at (XC, YC) 
pointed to by the XC and YC registers and with radius DX de- 
fined by the DX register. The drawing pointer (X#, Y#) 
changes to p(C, YC+DX). The circle is started from p<C, 
YC+DX). DX must be > 0. 

6EH 






1 





1 











1 


IP 





PXEN 


BPPX 









CARC 
Circle Arc 



6FH 



A circular arc is drawn from coordinates p<S, YS) to PCE, YE) 
with the center of the circle at PCC, YC) and radius DX. These 
are pointed to by the XS, YS, XE, YE, XC, YC, and DX regis- 
ters, respectively The drawing pointer changes to p(E, YE). 
DX must be > 0. 

6EH 






1 





1 





1 





1 CF 


IP 





PXEN 


BPPX 





WEP 



CSEC 

Circle Sector 



6FH 



A circular sector is drawn with the center at (XC, YC), DX the 
radius, pcS, YS) the starting point, and p(E, YE) the ending 
point. The drawing pointer changes to (XS, YS). 
DX must be > 0. 

6EH 






1 





1 


1 








1 CF 


IP 





PXEN 


BPPX 









3-137 



MPD72120 



NEC 



Table 4. DRAW Command! Descriptions (con^ __ 

Commands Name Description 

Graphics Drawing CSEG A circle segment is drawn with the arc starting at p(S, YS), 

Commands (cont) Circle Segment ending at PCE, YE), the circle center at PCC, YC), and with ra- 

dius DX. A line segment connects the arc starting and ending 
point to complete the segment. The drawing pointer (X#, Y#) 
changes to (XS, YS). The radius DX must be > 0. 



6FH 6EH 






1 





1 


1 





1 


ICF 


IP 





PXEN 


BPPX 









ELPS An ellipse with major and minor axes parallel to the coordinate 

Ellipse axes is drawn countercloclwise with the center at p(C, YC), the 

Y-direction radius DY, and the ratio of the squares of the X-axis 

and Y-axis radii in DH and DV such that DX2/DY2 = DH/DV. 

The drawing pointer p(#, Y#) changes to pcC, YC+DY). The 

radius DY must be > 0. 



6FH 6EH 






1 





1 


1 


1 









IP 





PXEN 


BPPX 









EARC An elliptical arc with major and minor axes parallel to the coor- 

Ellipse Arc dinate axes Is drawn from (XS, YS) to p(E, YE) with the ellipse 

center at pcC, YC), Y-direction radius DY, and the ratio of the 

squares of the X- and Y-direction radii DX2/DY2 = DH/DV. 

The drawing pointer p(#, Y#) changes to pCE, YE). The radius 

DY must be > 0. 



6FH 6EH 






1 


1 














1 CF 


IP 





PXEN 


BPPX 





WEP 



ESEC An elliptical sector with major and minor axes parallel to the 

Ellipse Sector coordinate axes is drawn from p(S, YS) to p(E, YE) with the 

ellipse center at pcC, YC), Y-direction radius DY, and the ratio 
of the squares of the X- and Y-direction radii DX2/DY2 = 
DH/DV. The drawing pointer p(#, Y#) changes to XS, YS). 
The radius DY must be > 0. 



6FH 6EH 






1 


1 








1 





IcF 


IP 





PXEN 


BPPX 









ESEG An ellipticai segment with major and minor axes parallel to the 

Ellipse Segment coordinate axes is drawn from p(S, YS) to pCE, YE) with the 

ellipse center at p(C, YC), Y-direction radius DY, and the ratio 
of the squares of the X- and Y-direction radii DX^/DY^ = 
DH/DV. The drawi ng pointer (X#, Y#) changes to (XS, YS) . 



6FH 6EH 






1 


1 








1 





1 1 CF 


IP 





PXEN 


BPPX 
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Table 4. DRAW Command Descriptions (con^ 

Commands Name Description 

Fill and Paint Commands PAINT A boundary-point searcli is carried out starting from coordi- 

nates (X, Y) and the resulting enclosed area is filled with a 
solid or tiling pattern. When PMOD = 0, the boundary colors 
are set Into the DX register. The area to be painted must be 
enclosed within the clipping rectangle and the CLIP register 
must be set to 00. 



6FH 6EH 






1 


1 





1 











1- 





1 


ss 





PMOD 









A_TRLFILL 
Absolute Triangle Fill 



6FH 



A triangular region with vertices at p(, Y), pcS, YS), and p(C, 
YC) Is filled with the tiling pattern. Y, YS, and YC must not be 
equal to each other. 

6EH 






1 


1 





1 


1 













1 


ss 


WL 


WR 









A.TRA_FiLL A trapezoidal area with its parallel sides (upper and lower) de- 

Absolute Trapezoid Fill fined by line segments connecting p<, Y) to pCS, Y) and (YS, 

YE) to (XE, YE), where YS is an X-axis value, is filled with the 

tiling pattern. 

6FH 6EH 






1 


1 


1 














1 





1 


SS 


WL 


WR 









R^TRA^ILL 
Relative Trapezoid Fill 



6FH 



A trapezoidal area with its upper parallel side defined by the 
line segment connecting pc, Y) to p<S, Y), a. height of DV-»- 1 
dots above the lower side line segment connecting X-i-DX and 
XS +XC, is filled with the tiing pattern. 

6EH 






1 


1 


1 





1 








1- 





1 


SS 


WL 


WR 









A_REC _ Fl LL_ C A rectangle with vertical and horizontal sides parallel to the 

Absolute Rectangle Fill by coordinate axes is filled with the tiling pattern. The diagonal 

Coordinates vertices of the rectangle are pc, Y) and (XS, YS). 



6FH 6EH 



1 











1 


1 













1 


ss 


WL 


WR 


FAST 






A_REC>FILUA 
Absolute Rectangle 
Fill by Address 



6FH 



A rectangle with vertical and horizontal sides parallel to the 
coordinate axes is filled with the tiling pattern. The rectangle 
is defined by the number of dots in the horizontal direction 
DH + 1, the number of dots in the vertical direction DV+1, the 
starting address (physical address) EAD1, and the bit position 
in the starting address dAD1. 

6EH 



1 











1 


1 


1 









1 


1 


1 


1 


1 
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Tabic 4. DRAW Command Descriptions (con^ 



Commands 



Name 



Description 



Fill and Paint 
Commands (cent) 



FLREC^FILL 
Relative Rectangle Fill 
by Coordinates 



CRLJILL 
Circle Fill 



ELPS_FILL 
Ellipse Fill 



6FH 



A rectangle with vertical and horizontal sides parallel to the 
coordinate axes is filled with the tiling pattern. The rectangle 
is defined by the starting point p(, Y), the horizontal width DX, 
and the vertical height DY The diagonal vertices are at (X, Y) 
and (X+DX, Y+DY). 

6EH 



1 








1 











1 TL 





1 


ss 


WL 


WR 


FAST 






6FH 



A circle with its center at PCC, YC) and a radius of DX is filled 
with the tiling pattern. Points on the circumference are filled. 
The filling starts from the top of the circle and proceeds 
downward. 

6EH 






1 





1 














1- 





1 


ss 


1 


1 









6FH 



An ellipse with Its major and minor axes parallel to the coordi- 
nate axes, center at (XG, YC), Y-direction radius DY, and ratio 
of the squares of the X- and Y-dlrection radii DX^/DY^ - 
DH/DV is filled with the tiling pattern. The filling starts from 
the the top of the ellipse and proceeds downward. 

6EH 






1 





1 


1 


1 













1 


ss 


1 


1 









Copy Commands 



A-COPY_AA 
Absolute Copy Address 

to Address 



6FH 



A rectangular area of memory starting from physical location 
EAD2 and bit position dAD2, with horizontal size DH + 1 dots 
and vertical size DV+1 dots, is transferred to the rectangular 
area of memory starting from EAD1 and bit position dADI. 

6EH 






1 


1 


1 


1 








|ese 


REV 


ROT 





SD.SEL 


FAST 






A^COPY.CA 

Absolute Copy Coordinate 
to Address 

6FH 



A rectangular area of display memory starting from (XS, YS), 
with horizontal size DH + 1 dots and vertical size DV+1 dots, 
is transferred to the rectangular area of memory starting from 
physical address EAD1 and bit position dADI. 

6EH 






1 


1 


1 


1 


1 





|ese 


REV 


ROT 





SD_SEL 


FAST 






A_COPY_AC 
Absolute Copy Address 
to Coordinate 



6FH 



A rectangular area of display memory starting from physical 
address EAD2 and bit position dAD2, with horizontal size 
DH+1 dots and vertical size DV+1 dots, Is transferred to the 
rectangular area of memory starting from pc, Y). 

6EH 



1 




















lESE 


REV 


ROT 





SD.SEL 


FAST 
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Table 4. DRAW Command Descriptions (cont) 



Commands 



Copy Commands (cont) 



A_COPY_CC 

Absolute Copy Coordinate 
to Coordinate 



6FH 



Description 



A rectangular area of display memory starting from p(S, YS), 
with horizontal size DH + 1 dots and vertical size DV+1 dots, 
is transferred to the rectangular area of memory starting 
at (X, Y). 

3 |esF 



REV 



ROT 



SD.SEL 



FAST 



Copy Function Extensions The function of each COPY command can be extended by 

changing the lower 2 bits of the command code. This exten- 
sion is defined in the lower byte (6EH) of the command 
register. 



90°_COPY 

90° Rotation Copy 



The transferred memory area Is rotated 90° counterclockwise. 
6EH 



ESE 


REV 


ROT 


1 


SD.SEL 









SUCOPY 
Slant Copy 



The data in a rectangular area of display memory Is slanted 
by DX in the X-direction to the change In the Y-direction 

6EH 



ESE 


REV 


ROT 





SD.SEL 





1 



FR_ES_COPY The rectangular data from the source area is transferred to a 

Free Angle Rotation, parallelogram at the destination area in display memory DY 

Enlarge/Shrink Copy and DX determine the angle for the horizontal side, XE and YE 

for the vertical side. MAGH and MAGV determine the horizon- 
tal and vertical enlargement or shrink factors. 

6EH 



ESH 


ESV 


FS 


1 


SD.SEL 


1 






ES_COPY The rectangular data from the source area Is transferred to a 

Enlarge/Shrink Copy rectangular area at the destination in display memory and en- 

larged or shrunk in the horizontal and/or vertical direction. 
IVIAQH and IVIAGV determine the horizontal and vertical scale 
factors. 



6EH 



ESH 


REV 


ROT 


ESV 


SD_SEL 


1 


1 
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Table 4. DRAW Command Descripiionsfcon^ 



Commands 



Description 



PUT/GET Commands 



PUTJ^ 

Put Data to Address 
Field 



6FH 



Transfers data from the PGPORT register to a rectangular area 
of display memory starting from word address EAD1 and bit 
position dADI with horizontal width DH+1 dots and vertical 
height DV+1 dots. 

6EH 



1 








1 





1 





1 


REV 


ROT 





SD_SEL 


1 


1 




PUT_C 
Put Data to 
Coordinate Field 








Transfers data from the PGPORT register to a rectangular area 
of display memory starting from p(, Y) with horizontal width 
DH+1 dots and vertical height DV+1 dots. 








6FH 












6EH 






1 








1 


1 








1 


REV 


ROT 





SD_SEL 


1 


1 





GET_A 

Get Data from Address 
Field 



6FH 



Transfers data to the PGPORT register from a rectangular area 
of display memory starting from word address EAD1 and bit 
position dAD1 with horizontal width Dl-i + 1 dots and vertical 
height DV+1 dots. 

6EH 



1 








1 





1 


1 


1 











SD_SEL 


1 







GET_C 

Get Data from 

Coordinate Field 








Transfers data to the PGPORT register from a rectangular area 
of display memory starting from p(, Y) with horizontal width 
DH+1 dots and vertical height DV+1 dots. 








6FH 












6EH 






1 








1 


1 





1 


1 











SD^SEL 


1 


1 





Get Function Extensions 
90''.COPY 



Data in the rectangular area of display memory Is rotated 
through 90° and transferred to the PGPORT register 

6EH 






REV 


ROT 


1 


SD_SEL 


1 






3-142 



/iPD72120 



Figure 24. Graphics Drawing Commands 



Dot 



[X+DX, Y+DY] 



TT 



[X.Y] 



A DOT 



[X.Y] 



- DX 



R_DOT 



Line 



[XE, YE] 



[X+DX, Y+DY] 




Rectangle 



[XS. YS] 



[X. Y] 



[X+DX. Y+DY] 

T 

DY 

i 



[X.Y] 



A REC 



\^ DX H 

R REC 



Circle [CRL] 




Ellipse [ELPS] 





DH:DV=DX2:DY2 



Circle Arc [CARC] 

[XS. YS] 



[XC. YC] 



[XS. YS] 




Circle Sector [CSEC] 



[XS, YS] 



[XS, YS] 



[XC, YC] 



/^^,,^ [XE.YE] 




Circle Segment [CSEG] 



[XS, YS] 



[XS, YS] 



[XC. YC] 




Ellipse Arc [EARC] 



[XS, YS] 



T 

DY 

i 



.CF=1 
[XE, YE] 



[XS, YS] 
[XC, YC] '"-g^ CFz^O 



[XC, YC] h 

^ ^ DX 



DH:DV=DX2:DY2 




Ellipse Sector [ESEC] 



[XS, YS] 



[XS, YS] 
[XC.YC] |<-DX->I 




Ellipse Segment [ESEG] 



[XS, YS] 



[XS. YS] 



T r\cF=i 

DY VV. 
il N([XE.YE] 



[XC. YC] h ^\ 

DX 




[XE, YE] 
CF=0 



DH:DV=DX2:DY2 
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Figure 25. Fill and Paint Commands 



Paint 




DX: Boundary Color 



Ellipse Fill [ELPS_FILL] 





DH:DV=DX2:DY2 



Circle Fill [CRL_RLL] 




Triangle Fill [A_TRI_FILL] 

[X. Y] 




' [XS, YS] 



[XC, YC] 



Rectangle Fill 



IX. Y] 



Trapezoid Fill 

[X, Y] [XS. Y] 



[X, Y] [XS, Y] 



^^^^^^^^^ T 

^^^^^^s^^^ DV 

H DH^^ H 

A REC FILL A 



[X.Y] 



' ^> <i 





[YS, YE] 



[XS. YS] 
A REC FILL C 



[XE, YE] [XE, YE] [YS. YE] 

A TRA FILL 



[X, Y] [XS, Y] 



- DX - 



R_REC_FILL 





R_TRA_FILL 
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Figure 26. Copy Commands; Copy; Rotate, Slant 

Source 

ESE=0 




Copy [COPY] 90° Rotation Copy [90°_COPY] Slant Copy [SL_COPY] 
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Tables. DRAW Command Summary 

Command Opcode (Hex) Parameters 



READ_DP 
READ_COL 

B7 



B7 



04 
9C 



None 
X.Y 

Operation Flags 



BO 



6EH 



DOT_D 08 

AJDOT_M OC 

a-DOT_M 10 

B7 



None 
X,Y 
DX, DY 

Operation Rags 



BO 






IP 





PXEN 


BPPX 









6EH 



/LLINE_MO 


14 


X, Y, XE, YE 


_MI 


18 




_M2 


1C 




yLLINE_DO 


20 


XE, YE 


_D1 


24 




-.D2 


28 




JDS 


2C 




a.LINE_MO 


30 


X, Y DX, DY 




34 




JA2 


38 




R.LINEJ)0 


3C 


DX,DY 


-.D1 


40 




JD2 


44 





Operation Flags 



BO 



ED 


IP 


ES 


PXEN 


BPPX 


ESH 


WEP 



(PL) 



AJREC 48 X, Y XS, YS 

a_REC 4C X,YDX,DY 

B7 Operation Flags BO 








IP 


ES 


PXEN 


BPPX 


ESH 





6EH 








CRL 


50 XC, YC, DX 
B7 Operation Flags BO 









IP 





PXEN 


BPPX 








6EH 








CARC 


54 XC, YC, DX. XS, YS, XE, YE 
B7 Operation Flags BO 




CF 


IP 





PXEN 


BPPX 





WEP 


6EH 



CSEC 
CSEQ 



58 
5A 



B7 



XC, YC, DX, XS. YS, XE, YE 
Operation Flags BO 



CF 


IP 





PXEN 


BPPX 









Command 



Opcode (Hex) Parameters 



ELPS 5C XC.YC. DYDH.DV 

B7 Operation Flags BO 






IP 





PXEN 


BPPX 









EARC 



60 



XC, YC, DY DH, DV, DX, XS, YS, 
XE. YE 



B7 



Operation Flags 



BO 



CF 


IP 





PXEN 


BPPX 





WEP 



6EH 



ESEC 
ESEG 



64 

65 



XC. YC. DY DH, DV, DX, XS, YS, 
XE, YE 



B7 



Operation Flags 



BO 





CF 


IP 





PXEN 


BPPX 








6EH 








PAINT 


68 X, Y (DX) 
B7 Operation Flags BO 






TL 





1 


SS 





PMOD 








6EH 



A-TRIJFILL 
A^TRA-FILL 
a.TRA^FiLL 

B7 

TL 



6C X, Y XS, YS, XC, YC 

70 X, YXS.YS.XE, YE 

74 X, Y XS. DX, XC, DV 

Operation Flags BO 



1 



WL WR 6EH 



A^RECJ=ILL.C 
B7 



8C X.YXS.YS 
Operation Flags 



BO 





TL 





1 


SS 


WL 


WR 


FAST 





6EH 








A^RECJ=I LLA 8E EAD1 , dADI . DH , DV 
B7 Operation Flags BO 












1 


1 


1 


1 


1 





6EH 








RLREC_FI LL 90 X. Y DX. DY 

B7 Operation Flags BO 






TL 





1 


SS 


WL 


WR 


FAST 





6EH 
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Tabic 5, DRAW Command Summary (conp 



Command 



Opcode (Hex) Parameters 



CRL.fi LL 
ELPS-FILL 

B7 



50 
5C 



XC, YC, DX 
XC,YC,DY,DH,DV 

Operation Flags BO 



TL 





1 


SS 


1 


1 









6EH 



/L.COPYJVA 
-CA 



78 
7C 



EAD1, dADI, EAD2, dAD2. DH, 
DV 

XS.YS, EAD1,dAD1,DH, DV 



-AC 


80 




EAD2, dAD2, DH,DV,X,Y 


>CC 


84 




XS.YS, X,YDH,DV 




87 




Operation Flags 




BO 




ESE 


REV 


ROT 





SD_SEL 


FAST 





6EH 



A-SO'^COPYJ^A 78 

-CA7C 
_AC80 
_CC84 



EAD1, dADI, EAD2, dAD2, DH, 
DV 

XS, YS, EAD2, dAD2, DH, DV 
EAD2, dAD2,X,YDH,DV 
XS,YS,X,YDH,DV 



B7 




Operation Flags 




BO 


ESE 


REV 


ROT 


1 


SD^SEL 









A-SL.COPYJ\A 78 

_CA 7C 

_AC 80 
>CC 84 

B7 



Operation Flags 



ESE 


REV 


ROT 





SD_SEL 





1 



EAD1, dADI, EAD2, dAD2, DH, 
DV, DX 

XS,YS, EAD1,dAD1, DH, DV, 
DX 

EAD2, dAD2, X, Y DH, DV, DX 
XS,YS, X,YDH,DV, DX 

BO 

' 6EH 



A^FR-. 

ESXOPY JVA 78 

_CA 7C 

J^C 80 

_CC 84 



EAD1, dADI, EAD2, dAD2, DH, 
DV, DX, DY, XE, YE 
XS,YS, EAD1,dAD1,DH, DV, 
DX, DY XE, YE 

EAD2, dAD2, X, Y DH, DV, DX, 
DYXE,YE 

XS.YS, X,Y DH,DV, DX, DY 
XE,YE 



B7 




Operation Flags 




BO 


ESH 


ESV 


FS 


1 


SD_SEL 


1 






6EH 



Command 



Opcode (Hex) Parameters 



A-ESXOPYJVC 80 
-CC84 

B7 



Operation Flags 



EAD2,dAD2,X,YDH,DV 
XS,YS, X, YDH,DV 

BO 





ESH 


REV 


ROT 


ESV 


SD..SEL 


1 


1 


6EH 








PUT_A 
_C 


94 EAD1,dAD1,DH,DV 
98 X,YDH,DV 

B7 Operation Flags BO 









REV 


ROT 





SD^SEL 


1 


1 


6EH 








GETJ^ 


96 EAD1,dAD1,DH,DV 
9A X,YDH,DV 

B7 Operation Flags BO 


















SD^SEL 


1 





6EH 








90°_GETJk 96 EAD1,dAD1,DH,DV 
_C 9A X,YDH,DV 

B7 Operation Flags BO 









REV 


ROT 


1 


SD.SEL 


1 





6EH 
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Tables. Operation Flag Descripiions 

Name Description 

PXEN (Pixel Drawing Enable) The plane or packed pixel display memory configuration Is selected by PXEN and the number of bits In 
BPPX (Bits per Pixel) one pixel Is defined by BPPX. The jKPD72120 display memory data width Is 16 bits. For plane 

configuration, PXEN = 0. 

PXEN Bits/Pixel 

1 

1 2 
1 4 
1 8 
1 16 

ES (Enlarge/Shrink) Select the enlarge and shrink options. 

ESH (Enlarge/Shrink Horizontally) p« 
ESV (Enlarge/Shrink Vertically) ^ 

1 X 

1 1 X 

1 X 

I X 1 



Enlargement/Shrinkage factors. 



MAGH/MAGV 


ESH/ESV = 


ESH/ESV = 1 





1/16 


16/1 


1 


2/16 


16/2 


2 


3/16 


16/3 


3 


4/16 


16/4 


4 


5/16 


16/5 


5 


6/16 


16/6 


6 


7/16 


16/7 


7 


8/16 


16/8 


8 


9/16 


16/9 


9 


10/16 


16/10 


10 


11/16 


16/11 


11 


12/16 


16/12 


12 


13/16 


16/13 


13 


14/16 


16/14 


14 


15/16 


16/15 


15 


16/16 


16/16 



ED (Enlargement Direction) 


Defines the direction of enlargement for line drawing. 
ED Enlargement Direction 

To the right of the line In the direction of drawing. 

1 To the left of the line in the direction of drawing. 


IP (initialize Pattern Pointer) 


Initializes the line pattern pointer to the first bit of the pattern register. 




IP Function 




Pointer not initialized 




1 Pointer initialized 


CF (Clockwise Flag) 


Defines the drawing direction for circular and elliptical arcs, sectors, and segments. 

CF Function 

Counterclockwise 

1 Clockwise 



BPPX 

XX 

00 
01 
10 

11 



Copy Operation 
No enlarge/shrink 
Horizontal shrink 
Horizontal enlarge 
Vertical shrink 
Vertical enlarge 



Drawing Operation 
No enlarge/shrink 
Horizontal pattern shrink 
Horizontal pattern enlarge 
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Tables, Operation Flag Descriptions (con^ 



Name 



Description 



TL (Tiling Pattern) 

SS (Single Source Pattern) 



Defines the use of a tiling pattern in filling. 

Function 



TL 


1 
1 



SS 

1 

1 



Not used 

The pattern in the PTNCNT register is used for ail planes 

The patterns stored in display memory are used for each plane. 

The same pattern stored in display memory Is used for all planes. 



To quickly clear all planes to zero, set TL = 
color for each bit, setTL = 1 and SS = 0. 



and SS = 1. When it is necessary to paint with a different 



PIVIOD (Paint IVIode) 



Selects the arbitrary boundary area for the PAINT command. 
Pi\^OD Function 



Boundary colors are defined by the DX register. 

Boundaries are all the points with colors different than the starting point (X, Y). 



WL (Write Left) 
WR (Write Right) 



Defines whether the boundary points are drawn during a FILL command. 
Function WR Function 



WL 

1 



Points on left boundary are not drawn 
Points on left boundary are drawn 



WR 

1 



Points on right boundary are not drawn 
Points on right boundary are drawn 



FAST (Fast) 


Specifies the normal or fast mode for drawing. 

FAST Function 

Normal speed 

1 Fast speed 

However, FAST mode cannot be used for all drawing operations. 

REC_FILL The FAST mode cannot be used If clipping or painting with a tiling pattern. It can only 
be used for replacing data. 

COPY The FAST mode can be used only for ordinary COPY with replace, It cannot be used 
with other COPY operation or with multiple sources. 


ESE (Exchange Start With End) 


Defines the reading order of the source data during COPY. 
ESE Reading Order 

Upper left to lower right (left to right on each row) 

1 Lower right to upper left (right to left on each row) 


REV (Reverse) 


Defines the reverse drawing direction during COPY 

REV Drawing Direction 

Left to right, top to bottom 

1 Right to left, top to bottom 


ROT (Rotation) 


Defines 180** rotation drawing during COPY 

ROT Function 

Normal 

1 180' rotation drawing 



SD_SEL 

(Source Destination 
Mode Select) 



Selects the transfer mode between planes. 

SD SEL Transfer Mode 

00 Multiple sources and single destination 

01 Multiple sources and single destination 

10 Single source and multiple deslnations 

1 1 Multiple sources and multiple destinations 



Logical Operation By 

M0D1 during read of the sources; MODO 

during write to the destination 

MODO or MODI during read of the 

sources; REPLACE during write to the 

destination 

MODO or M0D1 during write to each of 
the destinations. 

MODO or M0D1 during write to each of 
the destinations. 
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Tables. Operation Flag Descriptions (con^ 

Name Description 

FS (Fill Shortage) When the coordinate conversion is made during the arbitrary angle rotate copy, some points may not 

be drawn. FS specifies whether to draw these points. 
FS Function 

X Points drawn 

1 X Points not drawn 



o • • • • 
ooooeeeoooo 

• eoooe^eee 
000 oeeeXoooo 

• •• eXoooeeee 
00 ooee«ooooo 
• • ••oooXeeee 
ooooXeeeoooo 

• •••oooeeee 
o • • • 

• •••000 





PL (Pattern Line Length) Specifies whether a 16-bit or 32-bit pattern is to be used for line drawing. 

PL Pattern Length Pattern 

16 bits PNTCNT contains the 16-bit pattern. 

1 32 bits PNTCNT contains the first 16 bits of the pattern; DH contains the next 
16 bits. The pattern cannot be Initialized by setting IP « 0. 



3-151 



MPD72120 



NEC 



3-152 



NEC 

NEC Electronics Inc. 



^PD72123 
Advanced Graphics 
Display Controiier il 



Description 

The ^tPD72123 Advanced Graphics Display Controller II 
(AGDC II) is an enhanced version of the j[tPD72120 
AG DC. It executes bit map graphics processing at high 
speed as a peripheral to a host CPU, reducing the host's 
workload and improving processing efficiency. 

Features 

□ Compatible with jxPD72120 AGDC 

□ Higher speed drawing 

— 10-MHz drawing clock 

□ Large command set 

— Line drawing with graphics pen 

— Painting arbitrary or defined areas with tiling 
patterns 

— Enlarge, shrink, and arbitrary-angle rotate copy 
commands 

— Data transfer between system and display 
memory 

□ Flexible system configurations 

— Drawing can be performed on display or system 
memory space 

— Data bus can be used with most microprocessors 

— Independent drawing and display clocks 

— VRAM control 

— Laser printer interface controls 

□ Versatile drawing environment 

— Pipelined processing 

— Two X-Y coordinate systems can be defined 

— Conversion between one-dimensional and two- 
dimensional data arrays 

— Clipping/picking 

□ Improved painting performance 

□ Bit search command 

□ Vsrtical blank interrupt 

□ Bit reversal 

□ Drawing wait/retry timing 

□ CMOS technology 

□ Single +5-volt power supply 



Ordering Information 



Part Number 


Package 




|ttPD72123R 


132-pin ceramic PGA 




jttPD72123GJ-5BG 


94-pln plastic miniflat 




jtiPD72123L 


84-pin PLCC 




Comparison of fiPD72123 and fiPD72120 


Item 


^PD72123 


fiPD72120 


Clock frequency 


10 MHz 


8 MHz 


X-Y coordinate systems 


Two 


One 


Line pattern 


32 bits 


16 bits 


Raster operations 
(no. of operands) 


Three 


Two 


Tiling pattern (horizontal) 


32 bits 


16 bits 


Trapezoid fill 
(lower line select) 


1^ 




Paint speed 


Increased 




Paint stack area 


Decreased 




Graphics pen 


1^ 




Bit search 






Vsrticai blank interrupt 


^ 




Laser printer control 


*^ 




Drawing busy output signal 


1^ 




Wait drawing cycle 


i> 




Retry drawing cycle 






Bit reversal 







50081 



3-153 



MPD72123 



NEC 



^PD72123 Block Diagram 



CLK • 
RESET 

vdd 

GND 



DPBSY 
DMARQ 



INT 

R EADY 
CSIR 
CSDM 
RD 
WR 
ASTB 
UBE 



ADO -AD15 ^[[^ 



A16-A19 



CPU 
Interface 



7=> 



Diplay 
Processor 



Preprocessor 



2l 



Drawing 
Processor 



Sequence ROM 



Sequence ROM 



Synchronizing 
Signal Generator 



H 



Display Memory 
Interface 



SCLK 
BLANK 
HS/EXHS 
VS/EXVS 



DUBE 
DLBE 

HLDRQ 
HLDAK 

DWR 
DRD 
DASTB 

DT/DiSP 

GCSR 

DWAIT 

WAIT 

RETRY 



^ DAD0-DAD1S 



DA16-DA23 

83SL-S931B 



System Configuration Example 



System 
Bus 



Display 
Memory jt 
Bus 



C3 



Central 
Processing 
Unit 



Image 
Processor 



Display 
Memory Address 
Controller 



Compression/ 
Expansion 



TV 



System 
Memory 



^PD72123 
AGDC II 



Buffer 



n 



N Diplay 
Memory 
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i(iPD72185 
Advanced Compression/ 
Expansion Engine 



Description 

The itiPD72185 Advanced Compression/Expansion En- 
gine (ACEE) is a dedicated high-speed processor that 
performs binary image data compression and expansion 
using CCITT Group 3 and Group 4 algorithms. The 
/aPD72185 supports all the coding methods specified in 
the CCITT T.4 and T.6 recommendations. 

The /[iPD72185 ACEE operates on 8- or 16-bit-wide data 
residing in memory. It can compress image data into 
reduced codes and also expand reduced codes into an 
image. Compressed codes can be transferred to or from 
a separate processor or parallel peripheral through an 
I/O port. 

The /I4PD72185 has a high-performance, four-stage pipe- 
lined architecture. It has separate host CPU and image 
data buses for maximum data throughput. The on-chip 
DMA controller manages all data transfer on the image 
bus. 

The ^PD72185 is designed for high-performance Image 
compression applications, such as facsimile machines, 
PC FAX boards, scanners, printers, image workstations, 
electronic document storage systems, and magnetic and 
optical disk based electronic filing systems. 

Features 

□ High-speed processing 

— Compression/expansion of CCITT standard test 
chart (A4 size, 400 PPI x 400 LPI) in under 1 
second 

Internal four-stage pipelined CPU 
° Handles a variety of encoding/decoding methods: 
CCITT standard MH, MR, and MMR 

□ 32K pixels maximum per line 

□ Supports 32-megabyte image memory 

□ Image data enlargement/reduction 

— Horizontally 

x2 enlargement (on decoding) 
x1/2 reduction (on encoding) 

— Vertically 

x2 and x4 enlargement (on decoding) 
x1/2 and x1/4 reduction (on encoding) 

□ Bit boundary processing 

□ Automatic error handling on decoding 

□ Multitasking capability 

□ Dual bus system 

— Image memory side (24-bit address bus, 8/16-bit 
data bus) 



Host CPU side (8/16-bit data bus) 

□ High integration 

— On-chip DMA controller 

— On-chip refresh timing generation circuit 

□ CMOS process 

— Single +5-volt power supply 

— System clock: 8 MHz maximum 

Ordering information 



Part No. 



Package 



jttPD72185CW 64-pin plastic shrink DIP (750 mil) 



jaPD72185L 



68-pln PLCC (plastic leaded chip carrier) 



Pin Configurations 

64-Pin Plastic Shrink DIP 



RESET C 
ICC 
INT C 
DREQC 
lOAoC 
IOAi C 
IOA2C 
lOAa ll 
DACKE 
UBEC 
CS C 
lORDC 
iOWRC 
GNDC 
CLKC 
AqC 
Aid 
A2C 
A3I: 
A4C 
A5C 

AeC 
A7C 

As/DeC 

A9/D9C 

A11/D11C 
A12/D12C 
A13/D13C: 
A14/D14C 
A15/D15I: 

GNDC 



□ IOD15 

□ IOD14 

□ IOD13 

□ IOD12 

□ IOD11 

□ IOD10 

□ IOD9 

□ lODs 

□ IOD7 

□ lODe 

□ IOD5 

□ IOD4 

□ IOD3 

□ IOD2 

□ IOD1 

□ lODo 

□ ASTB 

□ vdd 

□ AEN 

□ MREQ 
H MWR 

□ MBD 

□ MACK 

□ READY 

□ A23/D7 

□ A22/D6 

□ A21/D5 

□ A20/D4 

□ A19/D3 

□ A18/D2 

□ A17/D1 

□ A16/D0 
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68'Pin PLCC (Plastic Leaded Chip Carrier) 



lODsC 10 

IOD9 C 1 1 
IOD10C 12 
IOD11 C 13 
IOD12C 14 
IOD13C 15 
IOD14 C 16 
IOD15C 
NC C 
RESETC 
ICC 
INTC 
DREQC 

lOAoC 

IOA1 C 

IOA2C 

IOA3C 



5^ b 



9 < 



s g § g 8 o g s mil ^ ^ 

nnnnnnnnnnnnnnnnn 



44 



ro-ooo>OT>cMco^fin(Oh>ooo> 
eMCMevieocoocococococoeoco 



^-M v>l v>l VJ VJ VJ VJ VJ ">l >4 "SI 

uuuuuuuuuuuuuuuuu 

g l=> IQ |g o o - 



60 □A23/D7 
59 IA22/D6 
58 □ A21 /D5 
57 □ A20/D4 
56 DAig/Da 
55 □ A18/D2 
54 □ A17/D1 
53 
52 
51 



□ A16/D0 

□ NC 

□ GND 



50 □A15/D15 
49 □ A14/D14 
48 DAis/Dia 
47 □A12/D12 
46 □ A11/D11 
45 □ A10/D10 
□ A9/D9 
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Pin Identification 



Symbol 


Function 


Host Interface 




Active-low input signal enables I/O access to 




fxr u 1 1^ iO!j iiuiii iiuoi uuo. 


DACK 


Input signal from external DMA controller Must 


(DMA 


Ko inar^ti\/<s /hlnh\ xA/hon h^et f^PI 1 rkorfArme I/O 
IJV llldv^livc ^lliyil^ Wllcil MUol Or U pel ivJIIIIo li\J 


Acknowledge) 


access to jaPD72185. 


DREQ 


Oi i+i^i 1+ ci^Ddl trv avtomcil r^^)IA r^r\r\^rr\\\ckr 

wuipui biyiiai 10 cxicrricii uivim coniiQiicr. 


(DMA 


Becomes active low when there is readable 


Request) 


data or space that can be written to in the 




]aPD72185. 


INT 


Output signal to host CPU. 


(Interrupt 




Request) 




IOA0-IOA3 


4-bit address input selects register or register 


I/O Address) 


pair when host CPU performs I/O access to 




jaPD72185. 


IOD0-IOD15 


16-bit, two-way data bus 


(I/O Data Bus) 




lORD 


Low-level input signal when host CPU reads 


(I/O Read) 


from iaPD72185 by I/O access. 


iOWR 


Low-level input signal when host CPU writes to 


(I/O Write) 


jaPD72185 by I/O access. 


UBE 


When host CPU writes to jtiPD72185 by I/O 


(Upper Byte 


access, byte or word transfer Is specified by 


Enable) 


UBE input signal in combination with IOAq 




input. 


Image Memory Inter face 


A0-A7 


Lower 8-bit address of image memory bus. 


(Address Bus) 




A8-A15/D8-D15, 


Upper 16-bit address of image memory bus mul- 


Ai6"A23/Do-D7 


tiplexed with the 16-bit data bus. 


(Address/Data 




Bus) 




AEN 


Output signal becomes active when jiiPD72185 


(Address 


is Bus Master on the image bus. 


Enable) 




ASTB 


High-level output signal used to latch address 


(Address 


output from ]uPD72185. 


Strobe) 




MACK 


Active-high input signal grants |nPD72185 use of 


(Memory 


image memory bus in response to MREQ 


Acknowledge) 


signal. 


MRD 


High-level output when iLiPD72185 is Bus Master 


(Memory Read) 


on the image bus. Becomes low level when 




data Is read from image memory. 




Set to high impedance when jaPD72185 is Bus 




Slave. 


MREQ 


High-level output signal requests use of image 


(Memory 


memory bus when iaPD72185 is Bus Slave on 


Request) 


the image bus. Becomes active for a DMA 




transfer between |aPD72185 and image memory. 



Pin identification (cont) 



Symbol 


Function 


MWR 


High-level output when jaPD72185 is Bus Master 


(Memory Write) 


on the image bus. Becomes low level when 




data is written to image memory. 




Set to high impedance when jw,PD72185 is Bus 




Slave. 


READY 


Low-level input signal extends MRD and MWR 


(Ready) 


cycle by adding wait states.. 




Signal must not be altered within setup/hold 




time period. 


Other Pins 


CLK 


External clock input. 


(Clock) 




RESET 


System reset input. Must be held low for at least 


(Reset) 


seven system clock cycles. After reset, 




jaPD72185 becomes Bus Slave on the image 




bus. 


IC 


This pin must always be pulled up. 


(Internal 




Connection) 




NC 


No Internal connections are made to this pin. 


(No Connec- 




tion) 




Vdd 


Positive power supply pin. 


GND 


Both ground pins must be connected. 


(Ground) 
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/iPD72185 Block Diagram 



Host y 
Bus "N 



RESET 

INT 

CS 
lORD 
lOWR 
DREQ 
DACK 

lOAo-ioy^ 



IOD0-IOD15 ^ ^ 



Image j 
Bus "S 



ASTB 
AEN 
MREQ 
MACK 
MRP 
MWR 
READY 



AO 



A8-A15/D8-D15, 
A 16 -A23 /D0-D7 



D15. 
I- D7 



Host 
Interface 



Command/ 
Response 



0> 



Code Line 
Counter 



Vdd 

GND 



Reference 




Line 




Counter 





MH/MR 
Anaiyzer 



Image 
Generation 



Pack 



c 



Absolute Maximum Ratings 

Ta = +25°C 



DC Characteristics 

Ta = -40to +85°C; Vdd = 



+ 5 V ±10% 



Power supply voltage, Vdd 


-0.5 to +7.0 V 


Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Input voltage, V| 


-0.5 to Vdd + 0.3 V 


Input voltage. 


V|LC 


-0.5 




+0.8 


V 


CLK pin 


Output voltage, Vq 


-0.5 to Vdd + 0.3 V 


low-level 


V|L 


-0.5 




+ 0.8 


V 


Other pins 


Operating temperature, Tqpt 
Storage temperature, Tstg 


-40 to +85°C 
-40to+125°C 


Input voltage, 
high-level 


VlHC 


+ 3.3 




Vdd 
+ 0.3 


V 


CLK, RESET 
pins 




V|H 


+ 2.2 




Vdd 
+ 0.3 


V 


Other pins 






Output voltage, 
low-level 


Vol 






+ 0.4 


V 


Iql = 2.5 mA 






Output voltage, 
high-level 


VoH 


0.7 Vdd 






V 


loH = •-400iaA 






Input leakage 
current 


Ili 






±10 




V|N = to Vdd 






Output leakage 
current 


Ilo 






±10 




VouT = to 
Vdd 






Supply current 


'dd 




50 


100 


mA While operating 
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AC Characteristics 

Ta = -40 to +85°C; Vdd = 5 V ±10% 



Parameter 


Figure 


Symbol 


Min 


Max 


Unit 


Condition 


Clock 


CLK cycle 


2 


*CYK 


125 


1000 


ns 




CLK low-level width 


2 


tKKL 


50 




ns 




CLK high-level width 


2 


kKH 


50 




ns 




CLK rise time 


2 






10 


ns 


1.5-*3.0 V 


CLK fall time 


2 


tKF 








3.0 1.5 V 


Image Memory Interface 


MREQ t delay time from CLK t 


3 


toMQH 




100 


ns 




MREQ i delay time from CLK t 


3 


^DMQH 




100 


ns 




MACK t setup time to CLK t 


3 


tsMA 


35 




ns 




MACK i hold time from CLK t 


3 


*HMA 


20 




ns 




AEN t delay time from CLK t 


3 


^DAEH 




100 


ns 




AEN i delay time from CLK t 


3 


^DAEL 




100 


ns 




ASTB t delay time from CLK i 


3 


*DSTH 




70 


ns 




ASTB high-level width 


3 


*STST 


*KKH ~ "^5 




ns 




ASTB i delay time from CLK t 


3 


toSTL 




100 


ns 




Add ress/data/M RD/M WR delay time from CLK i 


3 


tpA 




100 


ns 




Address/data/MRD/MWR float time from CLK i 


3 


tpA 


25 


70 


ns 




Address setup time to ASTB 4, 


3 


tSAST 


^KKH - 35 




ns 




Address hold time from ASTB i 


3 


^HSTA 


tKKL-20 




ns 




MRD i delay time from Address float 


3 


tDAR 







ns 




MRD i delay time from CLK i 


3 


^RL 




70 


ns 




MRD low-level width 


3 


^RL2 


2tcYK-50 




ns 


WAIT = 


MRDt delay time from CLK t 


3 


tpRH 




70 


ns 




Input data setup time to MRD T 


3 


tSDR 


70 




ns 




Input data hold time from MRD t 


3 


^HRD 







ns 




MWR; delay time from CLK i 


3 


bWL 




70 


ns 




MWR low-level width 


3 


%WL2 


2tcYK-50 




ns 


WAIT = 


MWRt delay time from CLK t 


3 


bWH 




70 


ns 




READY setup time to CLK t 


3 


tSRY 


35 




ns 




READY hold time from CLK t 


3 


*HRY 


20 




ns 




Host Interface 


DACK/CS recovery time 


4, 5 


tRDC 


200 




ns 




lORD low-level width 


4, 7 


tRRL 


150 




ns 




Address/C^ i setup time to lORD i 


4 


tSAR 


35 




ns 




Address/US i hold time from lORD t 


4 


^HRA 







ns 




Output data delay time from lORD i 


4 


*DRD 




120 


ns 




Output data float time from lORD t 


4 


tpRD 


10 


70 


ns 




lOWR low-level width 


5 


twwL 


100 




ns 




CS i hold time from lOWR t 


5 


twwos 







ns 
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AC Characteristics (cont) 

Ta = -40 to +85°C; Vdd = 5 V ±10% 



Parameter 


Figure 


Symbol 


Min Max 


Unit 


Condition 


Address/DBE/CS i setup time to lOWR I 


5 


tSAW 





ns 




Address/DBE hold time from lOWR t 


5 


^HWA 





ns 




Input data setup time to lOWR t 


5 


^SDW 


100 


ns 




Input data hold time from lOWR t 


5 


^HWD 





ns 




RESET low-level width 


6 


^RSTL 


7tcYK 


ns 




Vdd setup time to RESET t 


6 


^SVDD 


1000 


ns 




lOWR/IORD wait time from RESET t 


6 


tSYWR 


2tcYK 


ns 




lOWR/IORD recovery time 


7 




200 


ns 




DREQ i delay time from lORD i 


7 


*DRDQ 


140 


ns 




DREQ i delay time from iOWR I 


7 


*DWDQ 


140 


ns 




Figure 1. Voltage Thresholds for Timing 


Figure 2. 


Clo ck Timing 







Input / Output 



\f22T 

,.4V Ai£V. 



2.2 VW 
0.8 V A 



CLK Input 



V 
.5V 



3.0 vvy 
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Figure 3, DMA Transfer Timing on image Bus 




A0-A7 



Hi-Z 



^DA- 



A8-A15/D8-D15. ^^.^^ _Hi;L 

A16-A23/D0-D7 



^DA- 



MRD 



A8-A15/D8-D15. ^ Hi-Z 

A16-A23/D0-D7 " 



^SAST 



\ 



^SRY 



i 



^FA 



Hi-Z 



^HSTA 



^DA 



Address 



{ 



tQWH-*- 



-%WL2 - 



tpA 

^Sj^ Hi-Z 



Output Data 



Address 



4 



> i 



•^SDR- 



'J 




FA 



Input Data 



* MACK must remain liigh for at least one clock cycle after MREQ 
becomes high. 
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Figure 4. Timing for Read from fiPD72185 on Host Figures. Reset Timing 
Bus 



DACK 



1 



'RDC 



lOAo- 
lOAo 



lORD 



^RRL- 



IOD15 
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^HRA 



TRD 




Figure 7. Read/Write Cycle Timing 



Figure 5. Timing for Write to fiPD7218S on Host 
Bus 
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^RDC 
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tSAW 
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'HWD 
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lORD 



tRVWR 



lOWR 
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^RVWR 
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DREQ 
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•^DWDQ- 
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OVERVIEW 

The jaPD72185 encodes and decodes binary image data 
in accordance witli the standard system prescribed by 
the CCITT (International Telegraph and Telephone Con- 
sultative Committee). See table 1. 



Tabic 1. 


CCITT Standard Systems 


System 


CCITT Recommendation 


MW 


T.4 (G3 Facsimile) 


MR 


T4 (03 Facsimile) 


MMR 


16 (G4 Facsimile) 



The /iPD72185 has two bus interfaces with which It 
connects to the system.One interface is with the host 
CPU and the other is with image memory. Data exchange 
with the host CPU is by ordinary I/O accesses; data 
exchange with image memory is by DMA transfers using 
the on-chip DMA controller. 

In this document, the bus on the host CPU side is called 
the host bus, and the the bus on the image memory side 
is called the image memory bus. 

In addition to encoding/decoding, the jLiPD72185 can 
perform data transfers between the Image memory and 
the host CPU. Also, it can perform image enlargement 
and reduction on expansion and compression and logi- 
cal operations (AND, OR, XOR,) while transferring data. 
Table 2 and figure 8 show the processing patterns. 



Tabic 2, fiPD72l85 Processing Patterns 



Type 


Processing 


Data Flow, Bus-to-Bus 


A 


Encoding 


Image memory 




Image memory 


B 


Decoding 


Image memory 




Image memory 


C 


Encoding 


Image memory 




Host 


D 


Decoding 


Host 




Image memory 


E 


Data transfer 


Image memory 




Host 


F 


Data transfer 


Host 




Image memory 


G 


Data transfer 


Image memory 




Image memory 
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Figure 8. /iPD72185 Processing Patterns 
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PROCESSING 
Modes 

The two processing modes of the ^PD72185— block and 
line— are selected by commands from the host CPU. In 
block mode, which is more commonly used, one com- 
mand controls processing of multiple lines. In line mode, 
one command is required for each line. Line mode allows 
encoding/decoding methods other those prescribed by 
the CCITT. 

Line Processing 

A compressed line consists of a header and code as 
shown in figure 9. In the header, commands from the 
host CPU specify the number of filler bits (0 to 65,535), 
the presence/absence of the EOL code, and the number 
of bits in the tag pattern (0 to 8). 

The code that follows the header consists of encoded 
binary image data. The encoding method can be speci- 
fied per line by commands from the host CPU. 

At the time of encoding, a line is generated in this order: 
filler + EOL code + tag pattern + code. This filler is 
appended to the immediately preceding line. 

Decoding is performed one line at a time in this order- 
code + filler + EOL code + tag pattern. If a page starts 
with an EOL code, the iuPD72185 detects the EOL code 
and the following tag pattern and processes them before 
starting line-by-line decoding. 

Figure 9. Line Composition (Line Mode) 



Filler 
(0 to 65,535 bits) 



EOL 
code 



Tag pattern 
(0 to 8 bits) 



Header part 



Code 
part 



EXTERNAL INTERFACE 

The iLiPD72185 exchanges data with image memory by 
DMA transfers via the on-chip DMA controller. When the 
/LiPD72185 needs to access image memory, it requests 
use of the image memory bus by activating MREQ. Data 
is exchanged with a host CPU (including an external 
DMA controller) by normal I/O accesses. The host CPU 
reads and writes data through the /biPD72185 I/O ad- 
dresses. 

MULTITASKING 

Multitasking means using the /iiPD72185 to process mul- 
tiple image areas in parallel by time division. 



The )LiPD72185 processes an image area specified by the 
host CPU as a unit. On completion of processing, the 
iaPD72185 sends back to the host CPU in the form of a 
response: memory manage ment information, process- 
ing information, counter information, etc. 

As an example, consider a case in which image data 
encoded by one method is to be recoded by another 
method. When the recoded data extends over multiple 
image areas, the following two methods can be em- 
ployed. 

(1) All encoded data in the multiple image areas is 
decoded. This image data is then reencoded all at 
once. 

(2) Encoded data in multiple image areas is decoded in 
small blocks. This image data is then recoded a 
block at a time, processing only a section of each 
image each time.. 

Depending on the systemrdesign, pipelining with method 
2 may improve processing efficiency This method can 
be Implemented through the host CPU's management of 
responses sent back by the /xPD72185. 

ENLARGEMENT/REDUCTION 

The j[iPD72185 can reduce an image when encoding and 
enlarge image data when decoding. Reduction is per- 
formed by a simple thinning-out operation, and enlarge- 
ment by repeating the same data. Enlargement/reduction 
types are shown in table 3. 

Table 3. Enlargement/Reduction Types 





Enlargement and (Reduction) Factors 


Type 


Horizontal 


Vertical 


A 


1 (1) 


1 (1) 


B 


1 (1) 


2 (1/2) 


C 


2 (1/2) 


2 (1/2) 


D 


2 (1/2) 


4 (1/4) 



WHITE MASK 

The /xPD72185 can perform white mask processing on 
the right edge and left edge of image data. The amount 
of white masking is specified separately for each edge in 
word units (0 to 255 words) 

The /LtPD72185 automatically white masks data on en- 
coding image data. It is not able to perform decoding 
and white mask processing at the same time. Hence, 
white mask processing is performed once decoding is 
completed 



4-13 



MPD72185 



SEC 



BIT BOUNDARY 

Some image areas consist of lines not terminated in 
either byte or word units but witli an odd number of bits. 
The ^PD72185 handles Image areas of this kind with bit 
boundary processing. 

Lines with an odd number of bits are processed by 
specifying void bits up to the byte or word boundary. See 
figure 10. 

Figure 10. Bit Boundary Processing (Word Units) 



Word boundary 

I 



Word boundary 



Word boundary 



Void bits H 
(Oto 15) 



Part actually 
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IMAGE MEMORY 
Image Area 

Image memory means the whole area of memory acces- 
sible by the ^PD72185. An image area, on the other hand, 
is a rectangular area within image memory (figure 11), 
the size and location of which is specified by commands 
from the host CPU. The unit of processing is an image 
area. 

The jaPD72185 can append and also detect the code 
indicating the end of a page using commands from the 
host CPU. Page management, however, Is performed by 
the host CPU. 

Figure 11. image Area Examples 
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Memory Organization 

Under control of the host CPU, Image memory can be 
either byte-organized (8-bit units) or word-organized 
(16-bit units). One iaPD72185 address corresponds to one 
byte or one word in memory. In both cases the iaPD72185 
does Its internal processing and writes to image memory 
in 16-bit units. Thus, when image memory is byte- 
organized, two accesses are required, one to an odd- 
numbered address and one to an even-numbered ad- 
dress. 

The 24-line address bus allows access to a large amount 
of Image memory. Table 4 shows image memory capac- 
ity for byte and word organization. 

Table 4. image iUlemory Capacity 



Organization 


Size 


"^Capacity 


Byte 


16M bytes 


64 A4 sheets 


Word 


32M bytes 


128 A4 sheets 



*A4 sheet = 210 mm wide by 297 mm long 
Horizontal: 8 dots/mm 
Vertical: 4 dots/mm 

Data Storage 

Image memory can store code and other general data as 
well as binary image data. Binary Image data is con- 
verted to white/black levels shown in table 5 and stored 
as follows. 

(1) The first bits scanned are packed in sequence start- 
ing from the LSB of a byte/word. 

(2) The first data byte/word scanned Is packed In se- 
quence In byte/word units starting from the lower 
address side. 

Code transferred serially is stored as follows. 

(1) The first bits transmitted are packed in sequence 
starting from the LSB of a byte/word. 

(2) The first data byte/word transmitted is packed in 
sequence starting from the lower address side. 



Table 5. Binary image Data Levels 



Level 


Binary Notation 


White 





Black 


1 



ENCODING/DECODING SYSTEMS 

Table 6 lists the encoding/decoding systems the 
iLtPD72185 can handle, including CCITT standard sys- 
tems. Figure 12 shows coded data formats for MH, MR, 
and MMR systems. 
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Table 6. Encotting/Decoding Systems 



System 


Summary 


MH 


One-dimensional encoding/decoding system, 




G3 facsimile, CCITT standard. 


MR 


Two-dimensional encoding/decoding system, 




G3 facsimile, CCITT standard. 


MMR 


Two-dimensional encoding/decoding system. 




G4 facsimile, CCITT standard. 


Other 


Systems other than CCITT standards that can 




be implemented by selecting line mode 



Picture Elements 

Image data that exceeds 2623 picture elements (pixels) 
per scan line is processed using the run-length code 
table expansion method stipulated in CCITT Recom- 
mendation T.6. 



Figure 12. Code Data Formats in MH, MR, and MMR Systems 
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Code for one scan line 



Item 


MH System 


MR System 


MMR System 


Start of each scan line 


EOL 


EOL 


No EOL 


Filler 


Insertable 


Insertable 


None 


RTC 


Normally EOL x 6 


(EOL+ 1)x6 


EOL X 2 


K-parameter 


Undefined 


Present 


None 


Tag bits 


None 


Normally 1 bit 


None 


EOL for head of page 


None 


None 


None 


> 2624 run length code 


Make-up code x n + termination code 







Symbols 

EOFB End of facsimile block 

EOL End of line 

RTC Return to control 

Dummy Variable-length string of zeros 

83YL-5651B 
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K-Parameter 

In the MR system, the K-parameter determines the cod- 
ing technique and the transmission error recovery pro- 
cedures. The value of the K-parameter can be specified 
as a number from 1 to 255 or as infinity (<»). 

Whether the code for a particular line uses one- 
dimensional encoding or two-dimensional encoding is 
Indicated by the value of the tag bit inserted after EOL 
See table 7. 



Tabic 7. Relation Between Encoding System and 
Tag Bit 





Tag Bit 




Encoding System 


Value 


iVIethod of Representation 


One-dimensional 


1 


EOL + 1 (tag bit) 


Two-dimensional 





EOL + (tag bit) 



Filler Bits 

When encoding, the iuPD72185 can adjust the length of 
the coded data by adding filler bits. The two methods of 
adding filler bits are as follows. 

(1) Specify minimum number of bits transmitted with 
the BLO command 

(2) Specify number of added filler bits with the LNO 
command. 

When decoding, the /[aPD72185 ignores the added filler 
bits. 

Error Detection 

When decoding, the ^PD72185 can detect errors In the 
code and carry out appropriate processing. Table 8 lists 
the types of error detection. 



Table 8. Types of Error Detection 





Applicable 




Encoding 


Error Detection 


Systems 


Illegal code 


MH.MR, MMR 


Logically inconsistent code 


MR.MMR 


Decoded line longer than specified line length 


MH.MR, MMR 


Decoded line shorter than specified line length 


Abnormal page end 



Line Number Count 

When decoding, the inPD72185 performs three kinds of 
line counting. 



(1) The number of normally-decoded lines (normally- 
processed line count). 

(2) The number of lines in error (error line count). 

(3) The maximum number of consecutive lines in which 
errors occurred (consecutive error line count). 

The start of error line counting and successive error line 
counting can be specified in either of two ways as shown 
below. The selection and setting of the initial value of 
each line count is done by command. 

(1) Start count from occurrence of first error. 

(2) Start count from normal decoding of one line. 

HOST INTERFACE 

Exchanges between the /aPD72185 and the host CPU (or 
an external DMA controller) are performed by I/O ac- 
cesses over the host interface. In general, writes from 
the host CPU to the iiiPD72185 are in the form of com- 
mands and reads from the ptPD72185 are in the form of 
responses. 

The host bus width is 16 data bits but can be accessed 
8 bits at a time by manipulation of the logic level on pins 
IOAq and UBE. See table 9. 



Table 9. Host Bus Width 



lOAo 


Dbe 


Bus Width 


Pins 








16 bits 


lODo-lODis 


x 


1 


8 bits 


lODo-iODy 


1 





8 bits 


IOD8-IOD15 



To get the i[iPD72185 to start processing, the following 
operations are necessary 

(1) Write the command into the command registers. 

(2) Write 1 Into the CRQ bit of the control register. 

When the CRQ bit is set, the /xPD72185 begins process- 
ing as directed by the command received. Once pro- 
cessing has begun, the host CPU cannot write 1 to the 
CRQ bit again for the next processing operation until it 
confirms that processing has been completed or inter- 
rupted. 

Basic Timing 

Figure 13 is a timing diagram applicable to reads from 
the /APD72185 and writes by the host CPU. Figure 14 
shows the timing for an external DMA controller In the 
word mode and byte mode. 
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REGISTERS 

Exchanges between the ;iPD72185 and the host CPU, 
Including comnnands and responses, utilize the registers 
and the data FIFO area Illustrated In figure 15. The 
register I/O addresses are OH through DH; EH and FH are 
not allowed. Note that the I/O addresses are shared by 
corresponding registers in the read and write configura- 
tions of figure 15. 

Figure 13, Read/Write Timing 
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Figure 14. Read/Write Timing Witti External DMA 
Controller 
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Figure 15. Register Organization 
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Control Register 

The control register Is used in writes from the host CPU. 
The functions of bits 0, 1, and 2 are explained below. 

Command Request (CRQ). When 1 is written to the 
CRQ bit after the host CPU has written a command, the 
ptPD72185 begins processing according to the com- 
mand. The CRQ bit is automatically reset after comple- 
tion of processing. 

Interrupt Reset (INTRST). When the host CPU writes a 
1 to the INTRST bit, the INT pin output and the INTR bit 
are reset. After being set, the INTRST bit will be reset 
automatically. 

Software Reset (SFTRST). Software reset by setting 
SF TRST to 1 is functionally identical to hardware reset at 
the RESET pin. 



Status Register 

The status register is used in reads from the host CPU. 
The functions of bits 0, 1, and 2 are explained below. 

Input Ready (INRDY). A 1 in the INRDY bit indicates the 
input data FIFO is ready to receive data from the host 
CPU. 

Interrupt Request (INTR). The INTR bit shows the same 
logic level as the INT pin. The /LtPD72185 sets this bit to 
notify the host CPU that processing has been completed 
or interrupted. 

Command Register 

The command register is used in writes from the host 
CPU. It has two parts: command type and command 
parameter. 
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Response Register 

The response register is used in reads from the host CPU. 
It has two parts: response type and response parameter. 

Input/Output Data FIFO 

The ixPD72185 exchanges image data, code, etc., with 
the host CPU via the data FIFOs. The input data FIFO and 
the output data FIFO are each two bytes wide. 

IMAGE MEMORY INTERFACE 

The image memory interface is between the ^PD72185 
and the image memory, which stores image data and 
code. Accesses to image memory from the i[APD72185 are 
performed by DMA operations using the on-chip DMA 
controller. Via the image memory interface, the 
/iiPD72185 directly controls image memory. 

When the /LtPD72185 completes command processing, it 
reports completion or interruption to the host CPU by 

Figure 16, DMA Transfer Timing 



setting the output of the INT pin to high and at the same 
time setting the INTR bit in the status register. See figure 
15. 

The host CPU, meanwhile, confirms completion or inter- 
ruption of processing either by sampling the INT signal 
level or by software polling the INTR bit. 

DMA Transfer Timing 

The basic bus cycle in a DMA transfer takes three system 
clock pulses: Si, S2, and S3. In this bus cycle, the 
;aPD72185 reads or writes 1 byte or 1 word. See figure 16. 

If the access time to an image memory element is long, 
and a read/write is not possible within the basic bus 
cycle, then the ^PD72185 can insert wait states (SW) 
between S2 and S3, extending the read/write pulse 
width. 

The two methods of inserting a wait state are: 

(1) Using the READY pin. 

(2) Programming wait states with a command 
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Bus Cycle Modes 

The /iaPD72185 has three modes in which it operates on 
the Image memory bus as a Bus Master. A command 
selects the bus cycle mode. 

Total Bus Monopolization Mode. The iuPD72185 com- 
pletely monopolizes the bus. The MREQ and MACK 
signals are not used. 

Demand Mode. The jDtPD72185 holds on to the bus by 
keeping the MREQ signal high. The length of time held 
depends on the data being processed. The iLtPD72185 will 
always surrender the bus on completing the processing 
of a line. 

Eight Bus Cycle Monopolization Mode. The iuPD72185 
monopolizes the bus for a maximum of eight bus cycles, 
after which it releases the bus by dropping MREQ to low. 
It waits at least three clock intervals before raising MREQ 
high again . 



the MACK signal level is sampled at the rising edge of 
S3, there is a maximum delay of 1 bus cycle + 1/2 clock 
interval from the fall of MACK until the /xPD72185 actu- 
ally releases the bus. 

In the total bus monopolization mode, DMA break does 
not operate. 

Refresh 

The )aPD72185 is able to output refresh timing to image 
memory, thus facilitating the connection of pseudo- 
SRAM. However, the mPD72185 does not output the 
refresh address itself. Consequently when DRAM is used 
in image memory a refresh address generation circuit 
must be connected externally or a CAS-before-RAS 
cycle must be generated. 

The refresh function is enabled with a command and 
performed with a read cycle to address 80000H. Pin 
A23/D7 used as the refresh timing output pin decreases 
the bus width to 23 bits.. 



DMA Break 

When the ^PD72185 is monopolizing the image memory 
bus (MREQ = 1), MACK is normally kept high. If MACK 
fails to low while MREQ is high, the itiPD72185 immedi- 
ately discontinues the DMA transfer. However, because 



COMMANDS 

The jaPD72185 has five types of commands: assignment, 
operation, statistical, CLB switch, and special. Table 11 
describes the command types; table 12 describes the 
commands 



TabiB f I. Command Types 



Type 


Function 


Command 


Assignment 


Specifies system configuration, storage locations of data pro- 
cessed or to be processed, and processing mode. 


MOD, SCDB, SIMB, SPRS, SVS 


Operation 


Gives directions to jtiPD72185 for start of encoding/decoding, 
data transfer (composition), and similar processing. 


ABT. BLO, CNT, EOL, LNO, MSK, RTAG, RTC, TRO 


Statistical 


Requests information on processing executed by inPD72185. 


RCLB. RPRS 


CLB switch 


Specifies use/non-use of compressed line buffer.* 


CLB-ON, CLB-OFF 


Special 


Reads firmware version of the juPD72185. 





* The compressed line buffer handles compressed storage of the code for one line according to the coding mode. 
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Table 12. List of Commands 



Name 


Function 


ABT 


When a CFE interrupt* is generated, the 


(Abort) 


juPD72185 resumes processing with the ABT 




command. However, this is done only for the 




line being processed when the Interrupt was 




generated. When this line is completed, the 




iaPD72185 interrupts processing again. 




If the ABT command is issued when an in- 




terrupt has not been generated, the 




jaPD72185 cancels the continuous processing 




mode. 


BLO 


For block mode, specifies minimum number 


(Block 


of bits transferred, word length of a line. 


operation) 


number of void bits at left/right side, word 




length of white mask at left/ right side, etc. 




Normallv/ pn^^odinn/ripf^odinn hv thp 

iNViiiiMiiy, wi iwwiii i^/ucwwiii 1^ wy LI lo 




j[tPD72185 is performed through this 




command. 


CLB-ON/OFF 


User specifies use of compression line buffer 


(Compression 


by CLB-ON or CLB-OFF command. Valid 


line buffer 


only in line mode. 


on/off) 




CNT 


When the CNT command is issued, the 


(Continue) 


juPD72185 processes the next consecutive 




image area equal in size to the area previ- 




ously processed using the same processing 




iiiuuc oiiu criv/UUii ig/ueuouiiiy oyoiem. 




By means of the CNT command, the 




jttPD72185 can resume processing even 




when a CFE interrupt has been generated. 


EOL 


During encoding, adds EOL code to coded 


(End OT line) 


data; during decoding, detects added EOL 




code. 




If the detected EOL code is judged to be 




part of the RTC code, the |uPD72185 starts 




RTC search. 


FILL 


During encoding, adds till bits to coded 


(Fill 


data. 


LNO 


For line mode, specifies number of fill bits to 


(Line operation) 


be added, word length of a line, number of 




void bits at left/right side, tag bit, etc. 


MOD 






inn format ftrfln<4fpr mnHp in fsiQe of a 




transfer), K-parameter, RTC, enlargement 




reduction, etc. 


MSK 


For line-to-receive mask processing, speci- 


(White mask) 


fies word length, word length of left/right 




side white mask, number of void bits on left/ 




right, etc. Also performs white mask pro- 




cessing on image buffer. 


RCLB 


When the RCLB command is received, the 


(Read compres- 


ji4PD72185 reads the contents of the com- 


sion line buffer) 


pression line buffer. Provides user with pixel 




distribution data for a line. 



i[tPD72185 



Table 12. List of Commands (cont) 



Name 


Function 


RPRS 


Requests statistical information from 


(Read process 


iaPD72185 on number of normally-processed 


status) 


lines, number of error lines, etc., resulting 




from processing. 


RTAG 


During decoding, reads tag pattern attached 


(Read tag 


to start of a line. 


pattern) 


In line mode, interpretation of the tag pattern 




by the host CPU allows an individual non- 




CCITT standard encoding/decoding system 




to be implemented. 


RTC 


During encoding, adds RTC code to coded 


(Return to 


data; during decoding, detects added RTC 


control) 


code. 


F^/ER 


Reads firmware versions built into 


(Read version 


|uPD72185 


number) 




SCDB 


Specifies start address, size, and start bit 


(Set code 


position of image area (code buffer) that 


buffer) 


stores code. 




When the coded data is coming from the 




host CPU side, the start address should be 




set to 0. 


SIMB 


Specifies start address of reference line in 


(Set image 


image memory, and start address and size 


buffer) 


of image area (image buffer) that stores im- 




age data. 




When a transfer is performed, specifies 




transfer source/destination address and size 




of transfer. 


SPRS 


Specifies initialization values for normal pro- 


(Set process 


cessing line count, maximum error line 


status) 


count, etc., and abort if error line count ex- 




ceeds maximum. 


SYS 


Assigns specific system parameters such as 


(System) 


image memory organization, bus cycle 




mode, word length of a line, etc. Also initial- 




izes internal nPD72 185 parameter table. 


TRO 


Performs data transfer/composition for im- 


(Transfer 


age buffer specified by 1MB command. 


operation) 





□ 



*CFE interrupt is generated if a CEMPT or CFULL response is 
returned. 



RESPONSES 

The iLtPD72185 has four types of responses: confirma- 
tion, error, statistical, and special. Table 13 describes 
the response types; table 14 describes the responses. 
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Table 13. 


Response Types 




Type 


Function 


Response 


Confirmation 


Reports normal com- 

requested by a com- 
mand 


BCDOK, BDCOK,ECDOK, 
FDHOK Fll 1 OK LCDDK 
LDCOK, MODOK, 
MSKOK, POK, RCDOK, 
RDCOK, SCDBOK, SIM- 
BOK,S OK, SYS OK, TAG- 
PAT, TRNOK, VEROK 


Error 


Returned when an 
error occurs during 
processing requested 
by a command. 


BLAST, CMDERR, 
DBLCRQ LNABT 


Statistical 


Returns statistical in- 
formation in response 
to a 

command. 


PRSTBL 


Special 


Other than above. 


CEMPT, CFULL, CLBTBL 


Table 14. 


List of Responses 




Name 




Function 



BCDOK Indicates normal termination of encoding by 

(Block code okay) BLO command. 



Sends back to host CPU: number of lines 
processed; start address of image data 
buffer following processed image data 
buffer; start address and start bit position of 
code buffer following processed code buffer. 

BDCOK Indicates normal termination of decoding by 

(Block decode BLO command. 

okay) 

Sends back to host CPU: number of lines 
processed; start address of image data 
buffer following processed image data 
buffer; start address and start bit position of 
code buffer following processed code buffer. 

BLABT Indicates that during decoding by BLO com- 

(Block abort) mand, processing was aborted because er- 

ror line count exceeded maximum value set 
by SPRS command. 

Sends back to host CPU: number of lines 
processed; start address of image buffer 
following processed image buffer; start ad- 
dress and start bit position of code buffer 
following processed code buffer, 

CEMPT Indicates specified code buffer has become , 

(CDB empty) empty during decoding. 

At this point, the jttPD72185 enters the CFE 
interrupt state and subsequently accepts 
only SYS, SCDB, CNT, ABT, RPRS, and 
RCLB commands. If other commands are 
issued, a CFE ERR response is returned. 

CFE ERR In the CFE interrupt state, indicates a com- 

(CDB full/empty mand other than SYS, S CDB , CNT, ABT, 
error) RPRS, or RCLB has been issued. 



Table 14. List of Responses (cont) 


Name 


Function 


CFULL 


Indicates specified code buffer has become 


(CDB full) 


full during encoding. 




At this point, the juPD72185 enters the CFE 




interrupt state and subsequently accepts 




only SYS, SCDB, CNT, ABT, RPRS, and 




RCLB commands. If other commands are 




issued, a CFE ERR response is returned. 


CLBTBL 


Reports compression line buffer contents in 


^L/LD 1 Du laUie^ 


icsporisc lo rioi-D cornrnaiici. 


CMDERR 


Indicates that there is no command corre- 


(Command error) 


sponding to input command code. 


DBLCRQ 


Indicates receipt of duplicate command re- 


(Double CRQ 


quests during processing, and notifies host 


error) 


f^Pl 1 that nroop^<5inn hpinn PYPf^iitpH in- 




validated. 


ECD OK 


Indicates EOL code has been added and 


(EOLcode okay) 


output to code buffer by EOL command. 




Sends back to host CPU: start address and 




start bit position of code buffer following 




processed code buffer. 


EDCOK 


Indicates detection of EOL code in code 


(EOL decode 


buffer by EOL command. 


okay) 


Sends back to host CPU: address and posi- 




tion of bit following detected EOL code. 


FILLOK 


Indicates that the number of fill bits speci- 


(F! LL okay) 


fied by a FILL command have been output. 




Sends back to host CPU: start address and 




bit position of buffer code following fill bits. 


LCDOK 


Indicates normal termination of encoding by 


(Line code okay) 


LNO command. 




Sends back to host CPU: number of lines 




remaining in image buffer; start address of 




image buffer following processed image 




buffer; start address and start bit position of 




code buffer following processed code buffer. 


LDCOK 


Indicates normal termination of decoding by 


(Line decode okay) 


LNO command. 




Sends back to host CPU: number of lines 




remaining in image buffer; start address of 




image buffer following processed image 



buffer; start address and start bit position of 
code buffer following processed code buffer. 

LNABT Indicates that during execution of decoding 

(Line abort) by LNO command, processing was aborted 

because error line count exceeded maxi- 
mum value set by SPRS command. 

Sends back to host CPU: number of lines 
remaining in image buffer; start address of 
image buffer following processed image 
buffer; start address and start bit position of 
code buffer following processed code buffer. 
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Table 14. List of Responses (cont) 



Name 


Function 


MODOK 


Indicates normal termination of MOD com- 


(MOD okay) 


mand processing. 


MSKOK 


Indicates normal termination of processing 


(Mask okay) 


by MSK command. 




Sends back to host CPU: start address of 




next image buffer to be processed. 


POK 


When the juPD72185 is in continuous 


(Process okay) 


processing mode, and the object of execu- 




tion by an ABT command is BLO, LNO, 




RTAG, EOL, or RTC, then POK Indicates con- 




tinuous processing mode has been 




discontinued. 




Sends back to host CPU: start address and 




start bit position of code buffer following 




processed code buffer. 


DPQTOI 


Reports contents of statistical information 


(Process status 


table before it Is initialized by SPRS com- 


table) 


mand. 




Also reports current contents of table in re- 




sponse to RPRS command. 


RCDOK 


Indicates RTC code has been added and 


(RTC code okay) 


output to code buffer by RTC command. 




Sends back to host CPU: start address and 




start bit position of code buffer following 




processed code buffer. 


RDCOK 


Indicates detection of RTC code In code 


(RTC decode okay) 


buffer by RTC command. 




Sends back to host CPU: address and posi- 




lion OT DiiToiiowing aeiecieci niL/ cooe. 


SCDBOK 


Indicates normal termination of SCDB com- 


(SCDB okay) 


mand processing. 


SIMBOK 


Indicates normal termination of SIMB com- 


(SIMB okay) 


mand processing. 


SOK 


Indicates that when a C NT or ABT command 


(Set okay) 


has been issued and the command to be 




executed does not exist, the juPD72185 has 




terminated processing. 


SYSOK 


Indicates normal termination of SYS com- 


(SYS okay) 


mand processing. 



SYSTEM CONFIGURATION 

Figure 17 is a diagram of low-end and high-end system 
configurations. 



TAGPAT Indicates tag pattern specified by an RTAG 

(Tag pattern) command has been read. 

Sends back to host CPU: start address of 
code buffer following read tag pattern and 
start bit position of that code buffer. 

TRNOK Indicates normal termination of data 

(Transfer okay) transfer/composition processing by TRO 
command. 

Sends back to host CPU: next transfer 
source/destination address. 

VEROK Returns firmware version to the host CPU. 

(F^ER okay) 
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Figure 17, System Configurations 



Low-End Type 



Host 
(V50 etc.) 




Image 
Printer 



Main 
Memory 
(Image Memory) 



System Bus 



High-End Type 



Host 
(V60 etc.) 




Graphic 
Display 
Controller 
(HPD72120) 



^PD72185 




Image 
Processor 
{HPD7281) 



Image 
Printer 




I 



Image Memory Bus 
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CMOS Floppy-Disk Controller 




MPD72067 


5-57 


Roppy-Dlsk Controller 
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Floppy-Disk Controller 
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A/PD765A///PD765B 
Single/Double Density 
Floppy-Disk Controller 



Description 

The juPD765A/B is an LSI floppy disk controller (FDC) 
chip which contains the circuitry and control functions 
for interfacing a processor to 4 floppy disk drives. It is 
capable of either IBM 3740 single density format (FM), or 
IBM System 34 double density format (MFM) including 
double-sided recording. The j^PD765A/B provides con- 
trol signals which simplify the design of an external 
phase-locked loop and write precompensation circuitry. 
The FDC simplifies and handles most of the burdens as- 
sociated with implementing a floppy disk interface. 

Hand-shaking signals are provided in the /uPD765A/B 
which make DMA operation easy to incorporate with the 
aid of an external DMA controller chip, such as the 
mPD8257. The FDC will operate in either the DMA or non- 
DMA mode. In the non-DMA mode the FDC generates 
interrupts to the processor every time a data byte is to 
be transferred. In the DMA mode, the processor need 
only load the command into the FDC and all data 
transfers occur under control of the FDC and DMA 
controllers. 

There are 1 6 commands which the//PD765A//iPD765B 
will execute. Most of these commands require multiple 
8-bit bytes to fully specify the operation which the 
processor wishes the FDC to perform. The following 
commands are available. 



Read Data 
Read ID 
Specify 

Read Diagnostic 
Scan Equal 
Scan High or Equal 
Scan Low or Equal 
Version 



Read Deleted Data 
Write Data 

Write ID (Format Write) 
Write Deleted Data 
Seek 

Recalibrate 

Sense Interrupt Status 

Sense Drive Status. 



Ordering Information 



Device Number 


Package Type 


Max Freq. of Operation 


A(PD765AC2 


40-pin plastic DIP 


8 MHz 


A(PD765B 


40-pin plastic DIP 


8 MHz 



Features 

Address mark detection circuitry is internal to the FDC 
which simplifies the phase-locked loop and read elec- 
tronics. The track stepping rate, head load time, and 
head unload time are user-programmable. The 
fiPD765A/j[iPD765B offers additional features such as 
multi-track and multi-side read and write commands 
and single and double density capaj3ilities. 

□ FM, MFM Control 

□ Variable recording length: 128, 256, . . . 8192 bytes/ 
sector 

□ IBM-compatible format (single- and double- 
sided, single- and double-density) 

□ Multi-sector and multi-track transfer capability 

□ Drive up to 4 floppy or micro floppydisk drives 

□ Data scan capability — will scan a single sector or 
an entire cylinder comparing byte-for-byte host 
memory and disk data 

□ Data transfers in DMA or non-DMA mode 

□ Parallel seek operations on up to four drives 

□ Compatible with |l(PD8080/85, jL(PD8086/88, V-series 
and )L(PD780 (Z80®) microprocessors 

□ Single-phase clock: 8 MHz maximum 

□ +5Vonly 

® Z80 is a registered trademarl^ of tlie Zilog Corporation. 

Pin Configuration 



RD C 2 

WR C 3 

CS C 4 

Ao C 5 

DBo E 6 

DBi C 7 

DB2 □ 8 

DBs C 9 

DB4 □ 10 

DB5 C 11 

DBe C 12 

DB7 C 13 

DRQ E 14 

DACK C 15 

TC C 16 

INDEX C 17 

INT C 18 

CLK C 19 

GND E 20 



40 □ 

39 □ 

38 □ 

37 □ 

36 □ 

35 □ 

34 □ 

33 □ 

32 □ 

31 □ 

30 □ 

29 □ 



26 □ 

25 □ 

24 □ 

23 □ 

22 □ 

21 □ 



Vcc 

RW/SEEK 

LCT/DIR 

FLTR/STEP 

HOLD 

READY 

WPRT/2SIDE 

FLT/TRKO 

PSo 

PSi 

WDATA 

USo 

USi 

SIDE 

MFM 

WE 

SYNC 

RDATA 

WINDOW 

WCLK 



NECEL-000324 



5-3 



j[^PD765AImPD765B 



SEC 



Pin Identification 



No. 


Symbol 


Function 


1 


RESET 


Reset input 


2 


RD 


Read control input 


3 


WR 


Write control input 


4 


cs 


Chip select input 


5 


Ao 


Data or status select input 


6-13 


DBq-DB/ 


Bidirectional data bus 


14 


DRQ 


DIVIA request output 


15 


DACK 


DMA acknowledge input 


16 


TC 


Terminal count input 


17 


INDEX 


Index input 


18 


INT 


Interrupt request output 


19 


CLK 


Clock input 


20 


GND 


Ground 


21 


WCLK 


Write clock input 


22 


WINDOW 


Read data window input 


23 


RDATA 


Read data input 


24 


SYNC 


VCD sync output 


25 


WE 


Write enable output 


26 


MFM 


MFM output 


27 


SIDE 


Head select output 


28, 29 


USq, USt 


FDD unit select output 


30 


WDATA 


Write data output 


31,32 


PSo.PSi 


Preshift output 


33 


FLT/TRKO 


Fault/track zero input 


34 


WPRT/2SIDE 


Write protect /two side 
input 


35 


READY 


Ready input 


36 


HOLD 


Head load output 


37 


FLTR/STEP 


Fault reset /step output 


38 


LCT/DIR 


Low current direction 
output 


39 


RW/SEEK 


Read / write / seek output 


40 


Vcc 


DC power ( +5 V) 



Pin Functions 



RESET (Reset) 

The RESET input places the FDC in the idle state. It re- 
sets the output lines to the FDD to (low), except PSO, 1 
and WDATA (undefined), INT and DRQ also go low; 
DBO-7 goes to an input state. It does not affect SRT, 
HUT, or HLT in the Specify command. If the RDY input is 
held high during reset, the FDC will generate an inter- 
rupt within 1.024 ms. To clear this interrupt, use the 
Sense Interrupt Status command. 



RD(Read Strobe) 

The RD input allows the transfer of data from the FD C 
to the data bus when low and either CS or DACK is 
asserted. 

WR (Write Strobe) 

The WR input allows the transfer of data tojhe FDC 
from the data bus when low. Disabled when CS is high. 

Ao (Data /Status Select) 

The Aq input selects the data register (Aq = 1) or status 
register (Ao = 0) contents to be accessed through the 
data bus. 

CS (Chip Select) 

The FDC is selected when CS is low, enabling RD and 
WR. 

DB0-DB7 (Data Bus) 

DBq-DBj are a bidirectional 8-bit data bus. Disabled 
when CS is high. 

DRQ (DMA Request) 

The FDC asserts the DRQ output high to request a DMA 
transfer. 

DACK (DM A Acknowledge) 

When the DACK input is low, a DMA cycle is active and 
the controller is performing a DMA transfer. 

TC (Terminal Count) 

When theTC input is high, it indicates the termination of 
a DMA transfer. It terminates data transfer during Read/ 
Write/Scan commands in DMA or Interrupt mode. 

INDEX(lndex) 

The INDEX input goes high at the beginning of a disk 
track. 

INT (Interrupt) 

The INT output is FDC's interrupt request. In Non-DMA 
mode, the signal is output for each byte. In DMA mode, 
it is output at the termination of a command operation. 

CLK (Clock) 

CLK is the input for the FDC's single-phase, TTL-level 
squarewave clock: 8 MHz or 4 MHz. (Requires a pull-up 
resistor.) 
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WCLK (Write Clock) 

The WCLK input sets the data write rate to the FDD. It is 
500 kHz for FM, IIVIHz for MFM drives, for 8 [\/IHz opera- 
tion of the FDC; 250l<Hz FIVI or 500 l<Hz MFM for 4 MHz 
FDC operation. 

This signal must be input for read and write cycles. 
WCLK's rising edge must be synchronized with CLK's 
rising edge, except for the /iPD765B. 

WINDOW (Read Data Window) 

The WINDOW input is generated by the phase-locked 
loop (PLL). It is used to sample data from the FDD and in 
distinguishing between clock and data bits in the FDC. 

RDATA (Read Data) 

The RDATA input is the read data from the FDD, 
containing clock and data bits. To avoid a deadlock 
situation, input RDATA and WINDOW together. 

WDATA (Write Data) 

WDATA is the serial clock and data output to the FDD. 
WE (Write Enable) 

The WE output enables write data into the FDD. 
SYNC (VCO Sync) 

The SYNC output inhibits the VCO in the PLL when low, 
enables it when high. 

MFM (MFM Mode) 

The MFM output shows the VCO's operation mode. It is 
high for MFM, low for FM. 

SIDE (Head Select) 

Head 1 is selected when the SIDE output is 1 (high), head 
is selected when SIDE is (low). 

USo,USi (Unit Select 0,1) 

The USq and USi outputs select up to 4 floppy disk drive 
units using an external decoder. 

PSo, PSi(Preshift 0,1) 

The PSo and PSi outputs are the write precompensation 
request signals for MFM mode. They determine early, 
late, and normal times for WDATA shifting. 







Shift 


PSO 


PS1 


(MFM WDATA) 








Normal 





1 


Late 


1 





Early 


1 


1 





READY (Ready) 

The READY input indicates that the FDD is ready to re- 
ceive data. 



H DID (Head Ljoad) 

The HDLD output is the command which causes the 
read/write head in the FDD to contact the diskette. 

FLT/TRKO (Fault/Track 0) 

In the read/write mode, the FLT input detects FDD fault 
conditions. In the seek mode, TRKO indicates track 
head position. 

WPRT/2SIDE (Write Protect/Two Side) 

In the read /write mode, the WPRT input senses write 
protected status (at the drive or media.) In the seek 
mode, 2SIDE senses two-sided media. 

FLTR/STEP (Fault Reset/Step) 

In the read /write mode, the FLTR output resets the fault 
flip-flop in the FDD. In the seek mode, STEP outputs 
step pulses to move the head to another cylinder. A fault 
reset pulse is issued at the beginning or each Read or 
Write command prior to the HDLD signal. 

LCI/ DIR (Low Current / Direction) 

In the read /write mode, the LOT output indicates that 
the R/W head is positioned at cylinder 42 or greater. In 
the seek mode, the DIR output determines the direction 
the head will move in when it receives a step pulse. If 
DIR is 0, seeks are performed in the outward direction; 
DIR is 1, seeks are performed in the inward direction. 

RW/SEEK (Read/Write/Seek) 

The RW/SEEK output specifies the read/write mode 
when low, and the seek mode when high. 

GND (Ground) 

Ground. 

Vcc(+5V) 

-f-5V power supply. 
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Block Diagram 



DC Characteristics 



/ N Data Bus A-A 

' N V Buffer SfV V-V 



Count 

ORQ 
DACK 
INT 

RD 



Write/ 
DMA 
Control 
Logic 



□ Serial 
Interface 
Controller 



- WR Clock 
' WR Data 

- WR Enable 

- PreshiftO 



- RDData 

- Read Data Window 
VCOSync 



A— Input 

\j Port „ 



Drive 
Interface 
Controller 



..Unit Select 
^ Unit Select 1 
- MFM Mode 



- Head Select 
^ Low Current/ 

Direction 
" Fault Reset/Step 



Absolute Maximum Ratings 

Ta = 25°C 


Power supply voltage, Vcc 


-0.5 to +7V 


Input voltage, V| 


-0.5to+7V 


Output voltage, Vq 


-0.5 to +7V 


Operating temperature, Tqpt 


-10°Cto+70°C 


Storage temperature, Tstg 


-65°Cto+150°C 



Comment: Exposing the device to stresses above those listed 
In the Absolute Maximum Ratings could cause permanent 
damage. The device should not be operated under conditions 
outside the limits described in the operational sections of this 
specification. Exposure to absolute rnaxlmum rating condi- 
tions for extended periods may affect device reliability. 



Ta = - 10°C to +70°C, Vcc = 


+5V± 


10% 










Limits 






Test 


Parameter 


Symbol Min 


TVp 


Max 


Unit 


Conditions 


Input voltage 
low 


V|L -0.5 




+0.8 


V 




lll|JUl VUlldyt} 

high 


V|H <:U 




Vcc+0.5 V 




Output voltage 


Vol 




0.45 


V 


IOL=2.0mA 


Output voltage 
high 


VOH 2.4 




Vcc 


V 


'OH — cUUf/Jn 


Input voltage 

lUW T 

WCLK) 


V|l(4>) -0.5 




0.65 


V 




iiipui vuiiayc 

high 

(CLK+WCLK) 






Vcc+0.5 V 




Supply current 
(Vcc) 


•cc 




150 
140 


mA 
mA 


/iPD765AC2 
/iPD765B 


Input load 
current high 


•lih 




10 


mA 


V|N=Vcc 


Input load 
current low 


'lil 




-10 


mA 


V|N = OV 


Output leakage 
current high 


'loh 




10 


mA 


V0UT=VCC 


Output leakage 
current low 


'lol 




-10 




VouT=+0.45V 


Capacitance 

Ta = 25°C, fc = 1 MHz, Vcc = 


OV 












Limits 






Test 


Parameter 


Symbol Min 


TVp 


Max 


Unit 


Conditions 


Input clock 
capacitance 


C|n(<I>) 




20 


PF 


(Note1) 


Input 

capacitance 


C|N 




10 


PF 


(Note 1) 


Output 
capacitance 


COUT 




20 


pF 


(Note 1) 



Note: 

(1) All pins except pin under test tied to AC ground. 
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DIFFERENCES BETWEEN ArPD765A AND 
/yPD765B 

The//PD765B is a functionally enhanced version of the 
//PD765A. Differences are explained below. 

Overrun Bit [OR] 

In //PD765A, when executing a read- or write-type 
command (except READ ID and SCAN types), the 
result status OR bit is not set if there is an overrun on 
the final byte of a sector. An improvement in the 
//PD765B allows it to set the OR bit in any situation. 

DRQ Reset 

When an overrun occurs , the // PD765A needs DACK 
input to reset DRQ. If DACK is not available, an 
external DMA controller continues to operate even after 
the FDC enters the R-Phase (Result Phase), and stored 
result status may be transferred accidentally as ordinary 
data. 

On the other hand, the //PD765B resets DRQ auto- 
maticallyjust b efore the R-Phase entry and independent 
of the DACK input. See AC Characteristics for DRQ 
reset timing. 

Clock Synchronization 

The //PD765B does not require synchronization 
between the CLK and WCLK inputs. 

Version Command 

The Version command distinguishes the /yPD765B 
from other devices. The STO response to the Version 
command is: 

Part No. STO Value 

/iPD765A 80H 
//PD765B 90H 
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AC Characteristics 

Ta = -10 to -1-70 X; Vcc = +5 V ±10% 



Parameter 


Symbol 


Min 


Typ(1) Max 


Unit Conditions 


Clock period 


0CY 


120 


125 


500 


ns 8-MHz CLK 






240 


250 


500 


ns 4-MHz CLK 


Clock active 
(high, low) 


<br\ 


40 






ns 


Clock rise 
time 








20 


ns 


Clock fall 
time 


</>P 






20 


ns 


Aq, CS, DACK 
setup time to RD i 


^AR 









ns 


Aq, CS, DACK _ 
hold time from RD t 


^RA 









ns 


RD width 


tRR 


200 






ns 


Data access time 
from RD i 


^RD 






140 


ns Cl = 100 pF 


DB to floatjelay 
time from RD t 


toF 


10 




85 


ns 


Aq, CS, DACK 
setup time to WR i 


tAW 









ns 


Aq, CS, DACK 
hold time to WR t 


twA 









ns 


WR width 


tww 


200 






ns 


Data setup time to 
WR t 


tow 


100 






ns 


Data hold time from 
WR t 


two 









ns 


INT delay time from 
RD t 


tRI 






20CY 

+ 00 

-H135 


ns Non-DMA 
mode 


INT delay time from 
WR t 


twi 






20CY 
+ (bf\ 

-M35 


ns 


DRQ cycle time 


tMCY 


13 






/iS 0cY = 125 
ns (Note 4) 


DACK i — DRQ i 
delay 


Um 






140 


ns 


DRQ t DACK I 
delay 


tMA 


200 






ns 0CY = 125 
ns (Note 4) 


DACK width 


tAA 


2 0CY 
-H15 






ns 


TC width 


tTC 


1 






0CY 


Reset width 


tRST 


14 






0CY 


DRQ i INT 
response time 


tMI 


60 




77 


0CY A/PD765B 
only 


INT— DACK 
ineffective 


t|A 






1 


0CY 
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Parameter 


Symbol 


IVlin 


TVP(I) IVlax 


Unit 


Conditions 


WCLK cycle time 


tCY 




16 


0CY 


MFM = 








8 




MFM = 1 


WCLK active time 
(high) 


to 


80 


250 350 


ns 


Note 4 


CLK t WCLK 1 
delay 


tCWL 





00 


ns 


//PD765AC2 
only 


WCLK, RDATA and 
WINDOW rise time 


tR 




20 


ns 




WCLK, RDATA and 
WINDOW fall time 


tp 




20 


ns 




Preshift delay time 
from WCLK t 


tcp 


20 


100 


ns 




WCLK t WE t 
delay 


tCWE 


20 


100 


ns 




WDATA delay time 
from WCLK f 


fCD 


20 


100 


ns 




RDATA active 
time (high) 


tRDD 


40 




ns 




Window cycle time 


twCY 




2 


//S 


MFM = 








1 




MFM = 1 


Window hold time 
from RDATA 


tRDW 


15 




ns 




Window setup time 
to RDATA 


tWRD 


15 




ns 




USq 1 setup time 
to SEEK t 


tllQ 
"■Uo 


12 




/iS 


8-MHz CLK 
Notes 4, 5 


SEEK setup time 
to DIR 


tSD 


7 




fjS 




Direction setup time 
to step t 


tpgj 


1.0 




fjS 




USq, 1 hold time 
from step t 


tSTU 


5.0 




//s 




Step active time 
(high) 


tSTP 


6 


7 8 


fJlS 


Notes 4, 5 


Step cycle time 


tsc 


33 


Note 2 Note 2 


IJS 




Fault reset active 
time (high) 


tpR 


8.0 


10 


fjS 




Write data width 


tWDD 


to 

-50 




ns 




USq, 1 hold time 
after seek 


tsu 


15 




/iS 


8-MHz CLK 
Notes 3, 4, 
5 


SEEK hold time 
from DIR 


tos 


30 




fJS 


8-MHz CLK 
Notes 4, 5 


DIR hold time 
after step 


tSTD 


24 








Index pulse width 


t|DX 


4 




0CY 
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AC Characteristics (cent) 



Parameter 



Symbol Min Typ(1) Max Unit Conditions 



RD i delay from DRQ Imr 



800 



ns 8-MHz CLK 
Note 4 



WR i delay 
from DRQ 



250 



WRt orRDt 
response time 
from DRQ t 



tMRW 



12 fjs 



Notes: 

(1) Typical values for = 25 ''C and nominal supply voltage. 

(2) Under software control. The range is from 1 ms to 16 ms at 8-MHz 
clock period, and 2 ms to 32 ms at 4-MHz clock period. 

(3) When one device is executing a SEEK operation, SENSE DRIVE 
STATUS is executed on another device. 

(4) Double these values for a 4-MHz clock period. 

(5) The drive side rating has a variance of —50 ns from the minimum 
value. 



Timing Waveforms 

Processor Read Operation 



Processor Write Operation 
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Timing Waveforms (Cont) 

Data Input Waveform for AC Test (Except CLK, WCLK) 



2.4 
0.45 



XTo iiy 



Clock (WCLK, CLK) Input Waveform for AC Test 



Clock 



DMA Operation 



\ 7^ 



^Mw (WR) — 

tMR(RD) k- 



FDD Write Operation 



Write Enable 




kJcwe 

PreshiftOorl X ^ i^T 



XZ3CZ 






Preshifft 


Preshift 1 


Normal 








Late 





1 


Early 


1 





Invalid 


1 


1 




CLK ^ 


<t)0 
















(1)R— ^ 






"'c})CY 









Seek Operation 



-tni 



) ( Stable y 

RW/Seek 
Direction 
Step 



^STP — 



-tsc ^ 



Overrun Operation (\jlPD765B Only) 



DRQ 



-tMI- 



-R-Phase- 



INT Generation 
(Command Executed) 



_DACK Ineffective. 
Period 



FLT Reset 



FDD Read Operation 



Read Data Window 



4> ^ ry 

r* WcY- 



Note: Either polarity data window is valid. 



Terminal Count 



Reset 
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Timing Waveforms (Cont) 

Write Clock 



Table 2. Main Status Register 




Index 




Internal Registers 

The p(PD765A/jL(PD765B contains two registers which 
may be accessed by the nnain system processor: a sta- 
tus register and a data register. The 8-bit main status 
register contains the status information of the FDC, and 
may be accessed at any time. The 8-bit data register 
(which actually consists of four registers, ST0-ST3, in a 
stack with only one register presented to the data bus at 
a time), stores data, commands, parameters, and FDD 
status information. Data bytes are read out of, or written 
into, the data register in order to program or obtain the 
results after a particular command (table 3). Only the 
status register may be read and used to facilitate the 
transfer of data between the processor and jLtPD765A/ 
^PD765B. 

The relationship between the status/data registers and 
the signals RD, WR, and Aq is shown in table 1. 

Table t Status/ Data Register Addressing 



Ao 


RD 


WR 


Function 








1 


Read main status register 





1 





Illegal 











Illegal 


1 








Illegal 


1 





1 


Read from data register 


1 


1 





Write into data register 



The bits in the main status register are defined in 
table 2. 



Pin 


No. 


Name 


Function 


DBo 


DqB 

(FDD Busy) 


FDD number Is in the seek mode. If any 
of the DpB bits is set FDC will not accept 
read or write command. 


DBi 


DiB 

(FDD 1 Busy) 


FDD number 1 is in the seek mode. If any of 
the DpB bits is set FDC will not accept read 
or write command. 


DB2 


D2B 

(FDD 2 Busy) 


FDD number 2 is In the seek mode. If any 
of the DpB bits is set FDC will not accept 
read or write command. 


DB3 


D3B 

(FDD 3 Busy) 


FDD number 3 is In the seek mode. If any 
of the DpB bits is set FDC will not accept 
read or write command. 


DB4 


CB 

(FDC Busy) 


A Read or Write command is in process. 
FDC will not accept any other command. 


DB5 


EXM 

(Execution Mode) 


This bit is set only during execution phase 
in non-DMA mode. When DB5 goes low, 
execution phase has ended and result 
phase has started. It operates only during 
non-DMA mode of operation. 


DBe 


DIG 

(Data Input /Output) 


Indicates direction of data transfer be- 
tween FDC and data register. If DI0=1, 
then transfer is from data register to the 
processor. If DIG = 0, then transfer is from 
the processor to data register. 


DB7 


RQM 

(Request for Master) 


Indicates data register is ready to send or 
receive data to or from the processor. Both 
bits DIG and RQM should be used to per- 
form the hand-shaking functions of 
"ready" and "direction" to the processor. 



The DIO and RQM bits in the status register indicate 
when data is ready and in which direction data will be 
transferred on the data bus. See figure 1. 



Figure t DIO and RQM 



Data in/Out 
(DIO) 



Out FDC and Into Processor 



Out Processor and Into FDC 



Request for Master 
(RQM) 




Notes: A- Data register ready to be written into by processor. 

B- Data register not ready to be written into by processor 

C- Data register ready for next data byte to be read by processor. 

D- Data register not ready to be read by processor. 
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Table 3. Status Register Identification 





Pin 




No. 


Namo 


Function 


Status Re{ 


lister 




D7.D6 


IC 


D7 = 0and D6=0 




(Interrupt Code) 


Normal termination of command, (NT). 



Command was completed and properly ex- 
ecuted. 

D7=0andD6=1 

Abnormal termination of command, (AT). 
Execution of command was started but 
was not successfully completed. 

D7 = 1andD6=0 

Invalid command issue, (IC). Command 
which was issued was never started. 

D7=1andD6=1 

Abnormal termination because during 
command execution the ready signal from 
FDD changed state. 



D5 


SE 

(Seek End) 


When the FDC completes the Seek com- 
mand, this flag is set to 1 (high). 


D4 


EC 

(Equipment Check) 


If a fault signal Is received from the FDD, or 
if the track signal fails to occur after 77 
step pulses (Recalibrate Command) then 
this flag is set. 


D3 


NR 

(Not Ready) 


When the FDD is In the not-ready state and 
a Read or Write command Is issued, this 
flag is set. If a Read or Write command is 
issued to side 1 of a single-sided drive, 
then this flag is set. 


D2 


HQ 

(Head Address) 


This flag is used to indicate the state of the 
head at interrupt. 


D1 


(Unit Select 1) 


This flag Is used to indicate a drive unit 
number at interrupt. 


Do 


USo 

(Unit Select 0) 


This flag is used to indicate a drive unit 
number at interrupt. 


Status Re 


igister 1 




D7 


EN 

(End of Cylinder) 


When the FDC tries to access a sector be- 
yond the final sector of a cylinder, this flag 
Is set. 


De 




Not used. This bit is always (low). 


D5 


DE 

(Data Error) 


When the FDC detects a CRC(1) error in ei- 
ther the 1 D field or the data field , this flag is 
set. 


D4 


OR 

(Overrun) 


If the FDC is not serviced by the host sys- 
tem during data transfers within a certain 
time interval, this flag Is set. 


D3 




Not used. This bit is always (low). 



Table 3. Status Register Identification (cont) 



Pin 


No. 


Name 


Function 


Status Register 1 (cont) 


D2 


ND 

(No Data) 


During execution of Read Data, Read De- 
leted Data, Write Data, Write Deleted Data 
or Scan command, if the FDC cannot find 
the sector specified in the IDR(2) Register, 
this flag is set. 

During execution of the Read ID command, 
if the FDC cannot read the ID field without 
an error, then this flag is set. 

During execution of the Read Diagnostic 
command, if the starting sector cannot be 
found, then this flag is set. 




NW 

(Not Writable) 


During execution of Write Data, Write De- 
leted Data or Write ID command, If the FDC 
detects a write protect signal from the 
FDD, then this flag is set. 


Do 


IVIA 

(Missing Address 
Mark) 


This bit Is set if the FDC does not detect the 
IDAM before 2 index pulses. It is also set If 
the FDC cannot find the DAM or DDAM af- 
ter the IDAM is found, MD bit of ST2 is also 
set at this time. 


Status Register 2 


D7 




Not used. This bit Is always (low). 


De 


CM 

(Control Mark) 


During execution of the Read Data or Scan 
command, if the FDC encounters a sector 
which contains a deleted data address 
mark, this flag is set. Also set If DAM Is 
found during Read Deleted Data. 


D5 


DD 

(Data Error in 
Data Field) 


If the FDC detects a CRC error In the data 
field then this flag is set. 


D4 


WC 

(Wrong Cylinder) 


This bit is related to the ND bit, and when 
the contents of C(3) on the medium is dif- 
ferent from that stored In the IDR, this flag 
is set. 


D3 


SH 

(Scan Equal Hit) 


During execution of the Scan command, if 
the condition of "equal" is satisfied, this 
flag is set. 


D2 


SN 

(Scan Not Satisfied) 


During execution of the Scan command, if 
the FDC cannot find a sector on the cylin- 
der which meets the condition, then this 
flag is set. 


Di 


BC 

(Bad Cylinder) 


This bit is related to the ND bit, and when 
the contents of C on the medium Is differ- 
ent from that stored In the IDR and the con- 
tents of C is FFH, then this flag Is set. 


Do 


MD 

(Missing Address 
Mark in Data Field) 


When data is read from the medium, if the 
FDC cannot find a data address mark or 
deleted data address mark, then this flag 



is set. 



5-12 



/iPD765A/MPD765B 



Table 3. Status Register Identification (cont) 



Command Symbol Description 





Pin 




Name 


Function 


No. 


Name 


Function 


Ao 


Aq controls selection of main status register 


Status Register 3 










CT 

r 1 

(Fault) 


This bit is used to indicate the status of the 
fault signal from the FDD. 


c 

(Cylinder Number) 


C stands for the current /selected cylinder 
(track) numbers through 76 of the medium. 


L'6 


\A/P 
VVr 

(Write Protected) 


This bit is used to indicate the status of the 
write protected signal from the FDD. 


D 

(Data) 


D stands for the data pattern which is going to be 
written into a sector during WRITE ID operation. 


D5 


RY 

(Ready) 


This bit is used to indicate the status of the 
ready signal from the FDD. 


D7-D0 
(Data Bus) 


8-bit data bus, where D7 stands for a most 
significant bit, and Dq stands for a least 
significant bit. 


D4 


TO 

(Track 0) 


T his bit Is used to indicate the status ot the 
track signal from the FDD. 




DTL 

(Data Length) 


When N is defined as 00, DTL stands for the data 
length which users are going to read out or write 
into the sector. 


D3 


TS 

(Two-Side) 


This bit is used to indicate the status of the 
two-side signal from the FDD. 




EOT 

(End of Track) 


EOT stands for the final sector number on a cylin- 
der. During read or write operations, FDC will stop 
data transfer after a sector number equal to EOT 


D2 


HD 

(Head Address) 


This bit is used to indicate the status of the 
side select signal to the FDD. 


Di 


(Unit Select 1) 


This bit is used to indicate the status of the 
unit select 1 signal to the FDD. 


GPL 

(Gap Length) 


GPL stands for the length of gap 3. During Read / 
Write commands this value determines the num- 


Do 


USo 

(Unit Select 0) 


This bit is used to indicate the status of the 
unit select signal to the FDD. 


ber of bytes that VCO sync will stay low after two 
ORG bytes. During Format command it deter- 
mines the size of gap 3. 


Note: 








(1) CRC: 

(2) IDR = 


= Cyclic Redundancy Check 
: Internal Data Register 


H 

(Head Address) 


H stands for the logical head number or 1, as 
specified in IDfield. 



(3) Cylinder (C) is described more fully in the Command Symbol 
Description. 

Command Sequence 

The /iPD765A/jLtPD765B is capable of performing 15 dif- 
ferent comnnands. Each command is initiated by a 
multibyte transfer from the processor, and the result af- 
ter execution of the command may also be a multibyte 
transfer back to the processor. Because of this multi- 
byte interchange of information between the |l(PD765A/ 
fiPD765B and the processor, it is convenient to consider 
each command as consisting of three phases: 

Command The FDC receives all information re- 
Phase: quired to perform a particular opera- 
tion from the processor. 

Execution The FDC performs the operation it 
Phase: was instructed to do. 

Result Phase: After completion of the operation, 
status and other housekeeping infor- 
mation are made available to the 
processor. 

Table 4 shows the required preset parameters and 
results for each command. Most commands require 9 
command bytes and return 7 bytes during the result 
phase. The "W" to the left of each byte indicates a com- 
mand phase byte to be written, and an "R" indicates a 
result byte. The definitions of other abbriviations used 
in table are given in the Command Symbol Description 
table. 



HD 

(Head) 



HD stands for a the physical head number or 1 
and controls the polarity of pin 27. (H = HD in all 
command words.) 



HLT 

(Head Load Time) 



HLT stands for the head load time in the FDD (2 to 
254 ms in 2 ms increments). 



HUT HUT stands for the head unload time after a Read 

(Head Unload Time) or Write operation has occurred (16 to 240 ms in 
16 ms increments). 



MF 

(FMorMFM Mode) 



If MF is low, FM mode is selected, and if it is high, 
MFM mode is selected. 



MT 

(Multitrack) 



IF MT is high, a multitrack operation is per- 
formed. If MT= 1 after finishing read / write oper- 
ation on side 0, FDC will automatically start 
searching for sector 1 on side 1. 



N 

(Number) 



N stands for the number of data bytes written in a 
sector. 



NGN 

(New Cylinder Number) 



NGN stands for a new cylinder number which is 
going to be reached as a result of the seek opera- 
tion; desired position of head. 



ND 

(Non-DMA Mode) 



ND stands for operation in the non-DMA mode. 



PGN 

(Present Gylinder Number) 



PGN stands for the cylinder number at the 
completion of Sense Interrupt Status command, 
position of head at present time. 



R 

(Record) 



R stands for the sector number which will be read 
or written. 



R/W 

(Read /Write) 



R/W stands for either Read (R) or Write (W) 
signal. 



SC 

(Sector) 



SG indicates the number of sectors per cylinder. 



SK 

(Skip) 



SK stands for skip deleted data address mark. 
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Command Symbol Description (cont) 

Name Function 

SRT SRT stands for the stepping rate for the FDD (1 to 

(Step Rate Time) 16 ms in 1 ms increments). Stepping rate applies 

to ali drives (FH = 1ms, EH = 2ms, etc.). 

ST0-ST3 ST0-ST3 stands for one of four registers which 

(Status 0-3) store the status information after a command has 

been executed. This information is available dur- 
ing the result phase after command execution. 
These registers should not be confused with the 
main status register (selected by Ao=0). 
ST0-ST3 may be read only after a command has 
been executed and contains information relevant 
to that particular command. 



Command Symbol Description (cont) 



Name 



STP 



USq, USi 
(Unit Select) 



Function 



During a scan operation, if STP=1, the data in 
contiguous sectors is compared byte by byte with* 
data sent from the processor (or DIVIA); and if 
STP= 2, then alternate sectors are read and com- 
pared. 



US stands for a selected drive number or -3. 



Table 4. Instruction Set (Notes 1, 2) 



Instruction Code 



Phase 


R/W 








D4 Da 


D2 




Do 


Remarks 


Read Data 


Command 


W 


MT 


MP 


SK 





1 


1 





Command codes 




w 


X 


X 


X 


X X 


HD 


USi 


USo 


(Note 3) 




w 








c 








Sector ID information prior to command execution. The 4 bytes 




w 








H 








are compared against header on floppy disk. 




w 








R 












w 








N — 












w 








EOT 












w 








GPL 












w 








DTL — 










Execution 


















Data transfer between the FDD and main system 


Result 


R 








STO — 








Status information after command execution 




R 








ST1 












R 








ST2 — 












R 








C 








Sector ID information after command execution 




R 








H 












R 








R 












R 








N 










Read Deleted Data 


Command 


W 


MT 


MP 


SK 


1 


1 








Command codes 




W 


X 


X 


X 


X X 


HD 


USi 


USo 






W 








C 








Sector ID information prior to command execution. The 4 bytes 




W 








— - H 








are compared against header on floppy disk. 




W 








R 












W 








N 












W 








EOT 












W 








GPL 












W 








DTL 










Execution 


















Data transfer between the FDD and main system 


Result 


R 








STO — 








Status information after command execution 




R 








— ST1 












R 








— ST2 — 












R 








C — 








Sector ID information after command execution 




R 








H 












R 








R 












R 








N 











Note: 

(1) Symbols used In this table are described at the end of this section. 

(2) Aq should equaM for all operations. 

(3) X = Don't care, usually made to equal 0. 
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Table 4. Instruction Set (Notes 1,2) (cont) 








Instruction Code 










Phase 


R/W 




De D5 D4 D3 


D2 




Do 


Remarks 


Write Data 


Command 


W 


MT 


MF 


1 





1 


Command codes 




w 


X 


X X X X 


HQ 


USi 


USo 






w 




C 






Sector ID information prior to command execution. The 4 bytes 




w 




H 








are compared against header on floppy disk. 




w 




_ R 












w 




N 












w 




EOT 












w 




GPL 












w 




DTL 










Execution 














Data transfer between the main system and FDD 


Result 


R 




STO 








Status information after command execution 




R 




ST1 












R 




ST2 — 












R 




C 








Sector ID information after command execution 




R 




H 












R 




R 












R 




N 










Write Deleted Data 


Command 


W 


MT 


MF 1 








1 


Command codes 




W 


X 


X X X X 


HD 


USi 


USo 






W 




C 








Sector ID information prior to command execution. The 4 bytes 




W 




H 








are compared against header on floppy disk. 




W 




R 












W 




— N 












W 




EOT 












W 




GPL 












W 




__ 










Execution 














Data transfer between the FDD and main system 


Result 


R 




STO 








Status information after command execution 




R 




ST1 












R 




ST2 












R 




C — 








Sector ID information after command execution 




R 




H 












R 




R 












R 




N 










Read Diagnostic 


Command 


W 





MF SK 





1 





Command codes 




W 


X 


X X X X 


HD 


USi 


USo 






W 




c 








Sector ID information prior to command execution 




W 




H 












W 




_ R 












W 




M 












W 




EOT 












W 




GPL 












W 




DTL 










Execution 














Data transfer between the FDD and main system. FDC reads all 
















data fields from index hole to EOT 


Result 


R 




STO 








Status information after command execution 




R 




ST1 












R 




ST2 












R 




C 








Sector ID information after command execution 




R 




H — — 












R 




R 












R 




N 
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Table 4. Instruction Set (Notes 1,2) (cont) 






Instruction Codt 










PhaM 


R/W 


D7 0$ D5 D4 D3 


Da 




Do 


Rtmarlts 


Read ID 


Command 


W 


MF 1 





1 





Command codes 




w 


X X X X X 


HD 


USi 


USo 




Execution 












The first correct ID information on the cylinder is stored in data 














register. 


Result 


R 


STO 








Status information after command execution 




R 


ST1 ■ 












R 


ST2 












R 


^ c 








Sector ID information read during execution phase from floppy 




R 


^ H 








disk. 




R 


^ ^ R 












R 


, N 










Write ID [Format Write] 


Command 


W 


MF 1 


1 





1 


Command codes 




W 


X X X X X 


HD 


USi 


USo 






W 


N 








Bytes /sector 




W 


^ SC 








Sectors /track 




W 


— GPL 








Gaps 




W 


D 








Filler byte 


Execution 












FDC formats an entire track . 


Result 


R 


■ STO 








Status information after command execution 




R 


: ST1 












R 


^ ST2 












R 


C 








In this case, the ID information has no meaning 




R 


H 












R 


^ R 












R 


^ N 










Scan Equal 


Command 


W 


MT MF SK 1 








1 


Command codes 




W 


X X X X X 


HD 


USi 


USo 






W 


c 








Sector ID information prior to command execution 




W 


^ ^ ^ — _ H 












W 


R 












W 


N 












W 


^ EOT 












W 


■ ^ ■ — ■ GPL 












W 


STP 










Execution 












Data compared between the FDD and main system 


Result 


R 


STO 








Status information after command execution 




R 


ST1 












R 


ST 2 












R 


^ ^ c 








Sector i D information after command execution 




R 


_ H 












R 


^ ^ _ ^ R 












R 


— N 











Note: 

(1) Symbols used in this table are described at the end of this section. 

(2) Aq should equaH for all operations. 

(3) X = Don't care, usually made to equal 0. 
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Table 4. Instruction Set (Notes % 2) (cont) 










Instruction Code 










Phase 


R/W 


D7 


De D5 




D2 




Do 


Remarks 


Scan Low or Equal 


Command 


W 


MT 


MF SK 


1 1 








1 


Command codes 




w 


X 


X X 


X X 


HD 


USi 


USo 






w 






— — c 








Sector ID information prior to command execution 




w 






H 












w 






R 












w 






N 












w 






EOT 












w 






GPL 












w 






STP 










Execution 
















Data compared between the FDD and main system 


Result 


R 






STO 








Status information after command execution 




R 






ST1 












R 






^— ST2 












R 






C 








Sector ID information after command execution 




R 






H 












R 






R 












R 






M 










Scan High or Equal 


Command 


W 


MT 


MF SK 


1 1 


1 





1 


Command codes 




W 


X 


X X 


X X 


HD 


USi 


USo 






W 






— — C 








Sector ID information prior to command execution 




W 






H 












W 






R 












W 






N — 












W 






EOT 












W 






GPL 












W 






STP 










Execution 
















Data compared between the FDD and main system 


Result 


R 






STO — 








Status information after command execution 




R 






ST1 












R 






ST2 












R 






c 








Sector ID information after command execution 




R 






H 












R 






R 












R 






N 










Recalibrate 


Command 


W 











1 


1 


1 


Command codes 




W 


X 


X X 


X X 





USi 


USo 




Execution 
















Head retracted to track 


Sense Interrupt Status 


Command 


W 








1 











Command codes 


Result 


R 






STO 








Status information about the FDC at the end of seek operation 




R 






PCN 










Specify 


Command 


W 














1 


1 


Command codes 




W 




— SRT — 




— HUT — 








W 






- HLT 






ND 




Sense Drive Status 


Command 


W 











1 








Command codes 




W 


X 


X X 


X X 


HD 


USi 


USo 




Result 


R 






ST3 








Status information about FDD 
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Table 4. Instruction Set (Notes 1, 2) (cont) 













Instruction Cod 











Phase 


R/W 








D4 D3 


Da 




Do 


Remarks 


Version 


Command 


W 


X 


X 


X 


1 











Command codes 


Result 


R 
















90H indicates 765B 
80H indicates 765A/A-2 








STO — 








Seek 


Command 


W 
W 
W 



X 



X 



X 


1 
X X 
NCN — 


1 

HD 


1 

USi 


1 

USo 


Command code 



Execution Head is positioned over proper cylinder on diskette 



Invalid 


Command 


W 


Invalid Codes 


*- Invalid Command codes (No op — FDC goes into state) 


Result 


R 


STO 


ST0=80H 



Note: 

(1) Symbols used in this table are described at the end of this section. 

(2) Aq should equal 1 for all operations. 

(3) X = Don't care, usually made to equal 0. 



System Configuration 

Figure 2 shows an example of a system using a 
/yPD765A/B. 



Figure 2. System Configuration 



TV 



DBo-7 
iiiiEMR 
iOR 
MEMW 

iow 

CS 
HRQ 
HLDA 



^lPD8257 

DMA 
Controller 



Memories 

_iz 



8080 System Bus 



TV 



Window 



c 
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Data Format 

Figure 3 shows the data transfer format for the ^PD765A 
and jL*PD765B In FM and MFM modes. Figure 4 shows 
VCO Sync timing. 



Figures. Data Format 



A/PD765A/B [FM Mode] 



GAP 4a 


SYNC 


lAM 


GAP1 


SYNC 


IDAM 


C 


H 
D 


S 




C 


GAP 2 


SYNC 


DATA AM 


DATA 


C 


GAPS 


GAP 4b 


40x 


6x 




26x 


6x 




Y 


E 


N 


R 


11x 


6x 




(1) 


R 


(1) 




FF 


00 


FC 


FF 


00 


FE 


L 


C 





C 


FF 


00 


FB or F8 


C 





- Repeat N Times - 



//PD765A/B [MFM Mode] 



GAP 4a 


SYNC 


lAM 


GAP1 


SYNC 


IDAM 


C 




S 
E 
C 




C 


GAP 2 


SYNC 


DATA AM 


DATA 

(1) 


C 


GAPS 


GAP 4b 


80x 
4E 


12x 
00 


3x 
C2 


FC 


50x 
4E 


12x 
00 


3x 
A1 


FE 


Y 
L 


N 

O 


R 
C 


22x 
4E 


12x 
00 


3x 
A1 


FB 
F8 


R 

C 


(1) 





- Repeat N Times - 



Figure 4. VCO Sync Timing 



A/PD765A/B 



Format GAP 4a lAM GAP1 ID GAP 2 DATA GAPS 



3t 
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//PD71 065/66 
Floppy-Disk Interface 



Description 

The //PD71065 and //PD71066 are CMOS devices that 
interface a floppy-disk drive (FDD) with a floppy-disk 
controller (FDC). The controller can be //PD765A/B, 
//PD7265, //PD72065/B, A/PD72066, //PD7260, or one of 
the FD179X series. 

The floppy-disk interface can operate at various data 
rates, including the 300-kb/s rate that results from 
using high-density 5-inch drives with media formatted 
at the standard 250-kb/s rate. Also, the //PD71 065/66 
generates the write clock needed by the selected 
controller and provides synchronous switching when 
changing data rates. 

Features 

□ Compatible with all industry-standard controllers 

□ Multiple data rates: 500/300/250/150/125 kb/s 

□ Internal or external sync field detection logic 

□ Head-loading timer for FD179X-series controllers 

□ No analog adjustments required 

□ CMOS, low power consumption 

□ 5-volt power supply 



Ordering information 



Part Number 


Package 


Internal Timer 


A/PD71065G 


28-pin plastic SO 


Not included 


//PD71066CT 


30-pin plastic shrink DIP 


Implemented to 






FD179X-series 






controllers as head- 






loading timer. 



Pin Configurations 



2S'Pin Plastic SO 



AOSR C 


1 




28 


□ AVdd 




RDIN □ 


2 




27 


□ AOSC 




MIN/STD C 


3 




26 


□ FDCSW2 




RGATE C 


4 




25 


□ LPF1 




MFM/FM C 


5 




24 


□ LPF2 




SYNCSW C 


6 


in 


23 


□ Vdd 




SYNC C 


7 


1 


22 


□ FDCSWI 




RDOUT C 


8 


O 
a 


21 


□ VCOIN 




RCLK C 


9 


=1 


20 


□ FDOSW 




FDCCLK C 


10 




19 


□ cvc 




WCLK C 


11 




18 


□ ic 




X1 C 


12 




17 


□ GND 




X2 C 


13 




16 


□ X3 




AGND E 


14 




15 


□ X4 














83-002766A 



30-Pln Plastic Shrink DIP 



AOSR C 


1 




30 


□ avdd 




RDIN C 


2 




29 


□ AOSC 




MIN/STD □ 


3 




28 


□ FDCSW2 




RGATE C 


4 




27 


□ LPF1 




MFM/FM C 


5 




26 


H LPF2 




SYNCSW C 


6 


to 


25 


□ Vdd 




SYNC C 


7 


(O 

o 


24 


□ FDCSWI 




GND E 


8 


^ 
O 
0. 


23 


D VCOIN 




RDOUT C 


9 


=1 


22 


□ FDDSW 




RCLK C 


10 




21 


□ CVC 




FDCCLK C 


11 




20 


□ IC 




WCLK C 


12 




19 


□ TCC 




XI C 


13 




18 


□ TOUT 




X2C 


14 




17 


□ X3 




AGND 11 


15 




16 


□ X4 














83-002765A 
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Pin Identification 



Symbol 


Input/Output 


Function 


ACQS 




Capacitor connection pin for analog 
one-shot 


AGND 




Ground for analog circuits 


AOSR 




Resistor connection pin for analog one-shot 


AVdd 




Power supply for analog circuits 


CVC 




Capacitor connection pin for VCO 


FDCCLK 


Output 


Clock to FDC 


FDCSW1 


Input* 


FDC selection pin or timer trigger input 


FDCSW2 


Input* 


FDC selection pin 


FDDSW 


Input* 


Data transfer rate selection pin 


GND 




Ground 


IC 




Internally connected; should be left open 


LPF1,LPF2 


Output 


Connection pins to external lowpass filter 


MFM/FM 


Input* 


Recording density selection pin 


MIN/STD 


Input* 


5- or 8-inch FDD selection pin 


RCLK 


Output 


Read data sampling clock 


RDOUT 


Output 


Read data to FDC 


RGATE 


Input* 


Read enable/disable 


RDIN 


Input* 


Read data from FDD 


SYNC 


Input* 


External PLL gain selection 


SYNCSW 


Input* 


Determines whether gain selection is 
internal or external 


TCC 




External RC time constant connection to 
internal timer OuPD71066) 


TOUT 


Output 


Timer signal (a(PD71066) 


VCOIN 


Input 


External lowpass filter output to internal 
VCO 


Vdd 




-f5-volt power supply 


WGLK 


Output 


Write clock to FDC 


X1,X2 




Connection pins for 16-MHz crystal (X1, X2) 
or external clock input (X1) 


X3, X4 




Connection pins for 19.2-MHz crystal (X3, 
X4) or external clock input (X3) 



*lnput pin has an on-chip pull-up resistor 

Pin Functions 



The following paragraphs supplement the brief de- 
scriptions of certain pins in the preceding table. Pin 
symbols are in alphabetical order. 

FDCSW1 and FDCSW2. The A/PD7 1065/66 is con- 
figured for the applicable FDC by applying logic levels 
L and H (or open) to these pins. 



FDCSW1 


FDCSW2 


Floppy-Disk Controller 


Open or H 


Open or H 


/yPD765A/7265 


L 


Open or H 


//PD7260 


4c 


L 


FD179X series 



* FDCSW1 is the trigger input to the timer circuit when FDCSW2 is 
low. 



FDDSW. The logic level applied to this pin selects the 
data transfer rate of the FDD. 



FDDSW 


Data Transfer Rate 


Open or H 


500/250/125 kb/s 


L 


500/250/300/150 kb/s 



MFM/FM Pin. The logic level applied to this pin and the 
FDCSW2 pin selects the modulation type. Double-density 
and single-density recording use MFM (modified FM) 
and FM modulation, respectively. 



FDCSW2 


MFM/FM 


Modulation 


H 


H 


MFM 


H 


L 


FM 


L 


H 


FM 


L 


L 


MFM 



MIN/STD. Logic level L on this pin selects a 5-inch 
FDD. An open or H selects an 8-inch FDD. 

RDIN. This is a composite read data and clock signal 
input from the FDD. 

RDOUT. The read data output from this pin is syn- 
chronized with the read clock (RCLK) derived from the 
RDIN composite signal. 

RGATE. In conjuction with FDCSW2, RGATE enables 
or disables the read operation that is sent from the 
FDC. 



F0CSW2 


RGATE 


Read Operation 


H 


H 


Enable 


H 


L 


Disable 


L 


H 


Disable 


L 


L 


Enable 
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SYNC and SYNCSW. The PLL gain is determined by 
the intput signal at the SYNC pin and the logic levels at 
the FDCSW1 and SYNCSW pins. 



FDCSW1 SYNCSW SYNC PLL Gain 

Open or H Open or H H (1) Low 

To) High 

I H^) Low 

112) High 



Note: 

(1) Input signal at SYNC is the PLL gain selection signal between the 
ID and DATA fields. 

(2) Input signal at SYNC Is the SYNC field detection signal from the 
FDC. 



Block Diagram 



AOSR AOSC 
Q 9 



Analog 
One-Shot 



□ 



Digital 
One-Shot 



RGate O- 
MIN/STD O- 
MFM/FM O- 
XI O- 



X2 O- 



RDIN 

O 



Input 
Data 
Generator 



Clock 
Generator 



6 6 
FDCCLK WCLK 



LPF1 LPF2 

Q 9 





Up ^ 


Charge 
Pump 
and Filter 
Selector 


Phase 
Comparator 


Down 







Ident 
Field 
Detector 



Sync 
Byte 
Detector 



VCOIN CVC 

u 



PLDO 



Voltage- 
Controlled 
Oscillator 



Output Data 
Generator 



SYNC SYNCSW RCLK RDOUT 



-O FDDSW 



-O FDCSW1 



) TOUT* 
) TCC* 



*Not on//PD71065 



Functions of the block diagram components are explained 
below. 

Clock Generator. Using both 16-MHz and 19.2-MHz 
oscillators, outputs clock signals corresponding to the 
mode used to the FDCCLK and WCLK pins. 

Input Data Generator. According to the input data, 
generates the R and V signals to be input to the phase 
comparator. In addition to this, the input data generator 
determines whether the analog one-shot circuit or the 
digital one-shot circuit is used. 



Charge Pump and Filter Selector. According to the PLL 
(phase-locked loop) gain selection signal, enables or 
disables the LPF2 side charge pump to control the PLL 
gain. 

Output Data Generator. Generates the window signal 
(RCLK) and read data signal (RDOUT) depending on 
the mode and FDC to be used. 

Sync Byte Detector. Detects the sync field within 16 to 
20 pulses regardless of FM or MFM mode. 

Ident Field Detector. Determines whether the sync 
field detected by the sync byte detector is ID or DATA 
field and sets the PLL gain. 
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Basic External Circuit 

Figure 1 shows the basic external circuit including the 
lowpass filter and crystals. The data transfer rate is 
selected by strapping pins FDDSW, MIN/STD, and 
MFM/FM to L (low) or open (high). See table 1. 

The VCO frequency and the phase delay between 
RDIN and RDOUT can be optimized by adjusting 
resistors R2 and R1, respectively. 



VCO Frequency 

For this procedure, the data transfer rate is undefined. 
Strap RGATE to H and RDIN to L. Adjust resistor R2 to 
set the VCO frequency at the RCLK pin to the same 
numerical value as the data transfer rate; for example, 
500 kHz and 500 kb/s. 



Figure 1. Basic External Circuit 



/iPD71065 



GND 



AVdD Vdd 



C2 XTAL1 




uPD71066 



avdd Vdd 



^ R3 



>iR7 



XTAL2 C4 



01 


22 pF 


R1 


3 kQ 


02 


22 pF 


R2 


30 kQ 


03 


22 pF 


R3 


22 kO 


04 


22 pF 


R4 


1 kQ 


05 


10 pF 


R5 


1.5 kQ 


06 


1800 pF 


R6 


560 Q 


07 


33,000 pF 


R7 


33 kQ min 


08 


33 pF 






09 


10,000 pF 






O10 


10,000 pF 






Oil 


1000 pF 






012 









XTAL1 
XTAL2 



16 MHz 
19.2 MHz 
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Data Read Phase Delay Figure 2. Read Data Timing Diagram 

For this procedure, set the data transfer rate to 500 
kb/s, set the RDIN signal toa2-//s cycle time, and strap 
RGATE to H. Adjust resistor R1 to set the value of tsjw 
(figure 2) to 950 ns. 



Tabie 1. Data Transfer Rate Selection 





Data Transfer Rate 


Clock Output Frequencies from /yPD71 065/71 066 




Selection Pins (Note 1) 




Floppy-Disk Controllers 


(kb/s) 


FDCCLK (MHz) 


RCLK (kHz) 


WCLK (kHz) 


FDDSW 


MIN/STD 


MFM/FM 


//PD765A, A<PD7265, 


250 


4 


250 


500 


Open 


Open 


Open 


//PD72065,//PD72066 

^IMOTc c) 


125 


4 


125 


250 


Open 


Open 


L 


500 


8 


500 


1 MHz 


Open 


L 


Open 




250 


8 


250 


500 


Open 


L 


L 




300 


4.8 


300 


600 


L 


Open 


Open 




150 


4.8 


150 


300 


L 


Open 


L 




500 


8 


500 


1 MHz 


L 


L 


Open 




250 


8 


250 


500 


L 


L 


L 


/iPD7260 (Note 3) 


250 


4 


500 


500 


Open 


Open 


Open 




125 


4 


250 


250 


Open 


Open 


L 




500 


8 


1 MHz 


1 MHz 


Open 


L 


Open 




250 


8 


500 


500 


Open 


L 


L 




300 


4.8 


600 


600 


L 


Open 


Open 




150 


4.8 


300 


300 


L 


Open 


L 




500 


8 


1 MHz 


1 MHz 


L 


L 


Open 




250 


8 


500 


500 


L 


L 


L 


FD179X Series (Note 4) 


250 


1 


250 


500 


Open 


Open 


L 




125 


1 


125 


250 


Open 


Open 


Open 




500 


2 


500 


1 MHz 


Open 


L 


L 




250 


2 


250 


500 


Open 


L 


Open 




300 


1.2 


300 


600 


L 


Open 


L 




150 


1.2 


150 


300 


L 


Open 


Open 




500 


2 


500 


1 MHz 


L 


L 


L 




250 


2 


250 


500 


L 


L 


Open 



Note: 

(1) Selection pin states: L = low; Open = open or H (high) 

(2) /WPD765A/7265/72065/72066: 

FDCSW1 and FDCSW2 = Open 

(3) /UPD7260: 

FDCSW1 = L and FDCSW2 = Open. 
FDCLK clock is not used 



n 

[*-tSTV 



1 



RCLK 



J 



(4) FD179X Series: 

FDGSW1 = Don't care and FDCSW2 = L. 
WCLK clock is not used. 
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Electrical Characteristics 

Figures 3 through 8 are test circuits for verifying 
certain parameters in the dc and ac characteristics 
tables. 



Absolute Maximum Ratings 



Ta = +25*^0 


Power supply voltage, Vqd 


-0.3 to +6 V 


Input voltage, V| 


-0.3 to Vdd + 0.3 V 


Output voltage, Vq 


-0.3 to Vdd + 0.3 V 


Operation temperature, Tqpt 


-10 to+70°C 


Storage temperature, Tstg 


-40 to +125 •'C 



DC Characteristics 

Ta = -10 to +70 *C; Vdd = +5 V ±10% 









Limits 








Parameter 


Symbol 


Min 


Typ Max 


Unit 


Test Conditions 


Test Circuit 


Input voltage, low 


V|L 


-0.3 


0.8 


V 






Input voltage, high 


V|H 


2.2 


Vdd + 0.3 


V 






Output voltage, low 


Vol 




0.45 


V 


Iql = 2 mA 




Output voltage, high 


VOH 


0.7 Vdd 


Vdd 


V 


Ioh = -200a/A 




Clock input level 


Vkp-p 


1 


Vdd 


V 




Figure 5 


Input leakage current, low 


Ilil 


-150 


-50 


//A 


V| = OV 




Input leakage current, high 


Ilih 


-10 


+10 


M 


V| = Vdd 




Output leakage current, low 


•lol 


-10 




A/A 


Vo = 0.45 V 




Output leakage current, high 


•loh 




+10 




Vo = Vdd 




Power supply current 


Iqd 




25 


mA 


XTAL:16 MHz, 19.2 MHz 


Figure 3 








20 


mA 


XTAL: 16 MHz 


Figure 4 
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AC Characteristics 

Ta = -10 to +70*»C; Vdd = +5 V ±10% 

Limits 



Parametfir 


Symbol 


Min 


Typ 


Max 


llnS4 

unit 


lesi uonaiiions 


Test Circuit 


Rise time 


tR 







20 


ns 






Fall time 


tp 







20 


ns 






RDOUT setup time to RCLK t 


tSRR 


40 






ns 


ForA(PD7260 


Figure 6 


CLK high/low level width 


tKK 


20 






ns 






VCD oscillation frequency 


to 






8 


MHz 


Vf = Vdd 


Figure 7 


VCD free-run frequency 


fi 


3.6 


4 


4.4 


MHz 


FDDSW= H,VF = open 








2.1 


2.4 


2.7 


MHz 


FDDSW= L, VF = open 




VCO control voltage sensitivity 


Kv 


2.5 


3.5 


4.6 


MHz/V 


|(Vdd/2)-Vf|<0.5V 




Kv voltage coefficient 


AKv/Vdd 


-1 


-19 


-22 


%/V 






f j power supply voltage 
coefficient 


Afj/VoD 







5 


%/V 






fj temperature coefficient 


Afi/TA 





-500 


-1000 


ppm/^'C 






Phase detect sensitivity 


Kp 


0.7 


0.8 


0.9 


V/rad 






RCLK jitter 







30 


50 


ns 


500-kb/s mode 


Figure 8 


RDIN t to RDOUT t delay time 


tDRR 


900 


950 


1000 


ns 






Capture range (Note 1) 


tCAP 


537 




427 


kHz 


500-kb/s mode 








286 




213 


kHz 


250-kb/s mode 








143 




107 


kHz 


125-kb/s mode 








343 




256 


kHz 


300-kb/s mode 








172 




128 


kHz 


150-kb/s mode 




FDCCLK t to WCLK t delay time topwR 
(Note 2) 






30 


ns 


Cl = 15pF 


Figure 1 


FDCCLK t to WCLK I delay time tpFWF 
(Note 2) 






30 


ns 


Cl = 15pF 





Note: 

(1 ) The frequencies in the Max and Min columns are the lower and upper limits, respectively, of 
the capture range. For example, in the 500-kb/s mode, the capture range is from 427 kHz (or 
lower) to 537 kHz (or higher). 

(2) Clock outputs to FDC. 



FDCCLK 




WCLK 



- tDFWF 

83SL-6072B 
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Figure 3. Test Circuit 1 



GNO 

9 



/xPD71065 
C10 



avdd Vdo 



C9 



CI 



XTAL1 



C8 




mPD71066 
C10 



avdd vdd 

9 



C9 



L-VAr-C 




CI 


22 pF 


R1 


3 kn 


C2 


22 pF 


R2 


27 kU 


C3 


22 pF 


R3 


10 kQ 


C4 


22 pF 


R4 


1 kQ 


C5 


10 pF 


R5 


7.5 kfi 


C6 


1800 pF 


R6 


560 n 


C7 


22,000 pF 


R7 


33 kO min 


C8 


33 pF 






C9 


10,000 pF 






C10 


10,000 pF 






C11 


120 pF 






C12 


1 







XTAL1 
XTAL2 



16 MHz 
19.2 MHz 
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Figure 4. Test Circuit 2 



GND 



MPD71065 
C10 



avdd vdd 



C9 

Hf- 



en 
-X- 



1 ^ 


28 




27 




25 




24 




23 




21 




19 


12 


17 


13 




14 


15 



C8 



|-VVV-' 



C5 



/XPD71066 

C10 

II 



avdd Vdd 



1=3 

-I— q 




CI 


22 pF 


R1 


3 kQ 


C2 


22 pF 


R2 


27 kfi 


C5 


10 pF 


R3 


10 kn 


C6 


1800 pF 


R4 


1 kJ2 


C7 


22,000 pF 


R5 


7.5 kn 


C8 


33 pF 


R6 


560 fi 


C9 


10,000 pF 


R7 


33 kQ min 


CIO 


10,000 pF 






C11 


120 pF 






CI 2 


1 







5-29 



ArPD71065/66 



NEC 



Figure 5. Test Circuit 3 



MPD71065 
C10 



AVdd Vdd 
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C9 
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ViK 
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ViK 



/iPD71066 
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CI 
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3 kn 
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R3 


10 kn 


C6 


1800 pF 


R4 
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C7 


22,000 pF 


R5 


7.5 k« 


C8 


33 pF 


R6 


560 n 


C9 


10,000 pF 


R7 


33 kQ min 


CIO 


10,000 pF 






C11 


120 pF 






C12 


1 ^F 







30 J- 



29 3 




ViK 
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Figure 6. Test Circuit 4 



•JUL. 



RDOUT 



tSRR 



n 



1 



/iPD71066 
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Figure 7. Test Circuit 5 
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Figure 8. Test Circuit 6 



Minimum Data 
Interval 

JUL, 



RDIN 



RDOUT 



A_J1 



rLJL. 



tSTW 



mPD71066 
C10 
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(5V) (5V) 



C9 



LwSrHI 1 



-C 2 
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C1 



-C 4 

C 

c 
c 
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R6 C7 




400 X (Min Data Interval) 
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R1 


3 kn 
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22 pF 


R3 


10 kQ 
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C9 


10,000 pF 






CIO 


10,000 pF 






C11 


120 pF 






C12 


ImF 







XTAL1 
XTAL2 



VOLPF 




16 MHz 
19.2 MHz 
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System Configurations 

Figures 9 through 23 are system configuration ex- 
amples of the //PD71065 and //PD71066 with various 
floppy-disk controllers and data transfer rates. See 
table 2. 

For additional details and the values of resistors and 
capacitors, see figure 1. 



Table 2. System Configuration Examples 

Floppy-Disk Floppy-Disk Data Transfer Rates 



Interface Controllers (kb/s) Figure 

//PD71065 A'PD765A,//PD7265, 500/250/125 9~~ 

/.PD72065,/.PD72066 300/150 ^ 

500/250/125 11 
and 300/150 

//PD7260 500/250/125 12 

300/150 iT 

500/250/125 14~~ 
and 300/150 

//PD71066 A'PD765A,//PD7265, 500/250/125 15~ 

/.PD72065,;.PD72066 300/150 "IT 

500/250/125 17 
and 300/150 

//PD7260 500/250/125 18~ 

300/150 19~~ 

500/250/125 20~~ 
and 300/150 

FD179X 500/250/125 ~ 21~ 

300/150 22~~ 

500/250/125 23~~ 
and 300/150 



Figure 9. System Example 1: fiPD71065 FDI and /jPD765A FDC 
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Figure 10. System Example 2: fjPD71065 FDI and t/PD765A FDC 
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Figure 1 1. System Exampfe 3: ijPD71065 FDI and fjPD765A FDC 
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1 
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500/250/125 kb/s 



I 



for 500/250/ 
300/150 kb/s 



* Open 
** Open or high 



19.2 MHz ^ 
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Figure 12. System Example 4: fjPD71065 FDI and fjPD7260 FDC 
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Figure 13. System Exampie 5: /jPD71065 FDI and fjPD7260 FDC 
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Figure 14. System Example 6: fjPD71065 FDI and ijPD7260 FDC 
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Figure 15. System Example 7: fjPD71066 FDI and fjiPD765A FDC 
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Figure 16. System Example 8: fjiPD71066 FDI and fjPD765A FDC 
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Figure 1 7. System Example 9: fjRD 71066 FDi and pPD765A FD C 
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Figure 18. System Example 10: fjPD71066 FDI and fjiPD7260 FDC 
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Figure 19. System Example 1 1: fjPD71066 FDI and fjPD7260 FDC 
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Figure 20. System Example 12: /jPD71066 FDI and fjPD7260 FDC 
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F/giire 27. System Example 13: /jPD71066 FDI and FD179X FDC 
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Figure 22. System Example 14: ijPD71066 FDI and FD179X FDC 
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Figure 23. System Example 15: fjPD71066 FDI and FD179X FDC 



FDI 


FDC 


FDD 


MPD71066 


FD179X series 


Data transfer rates are both 
500/250/125 kb/s & 300/150 kb/s 



for 300/150/ 
250/125 kb/s 



9 for 

^ 500/250 kb/s 



for 

500/250/125 kb/s 




5-41 



AfPDTI 065/66 



NEC 



5-42 



NEC 

NEC Electronics Inc. 



/iPD72065/65B 
CMOS Floppy-Disk Controller 



Description 

The /APD72065/65B CMOS Floppy-Disk Controller (FDC) 
is NEC's follow-on to the jDtPD765A/B. (^PD72065B is a 
functionally enhanced version of ^iPD72065.) The FDC is 
an LSI chip containing the circuitry and control func- 
tions for interfacing a processor to four floppy-disk 
drives (FDDs). It is capable of either IBM 3740 single- 
density format (FM) or IBM system 34 double-density 
format (MFM), including double-sided recording. 

Control signals of the FDC simplify the design of an 
external phase-locked loop and write precompensation 
circuitry. The FDC simplifies and handles most of the 
burdens associated with implementing a floppy-disk 
interface. 

Handshaking signals of the FDC make DMA operation 
easy to incorporate with the aid of an external DMA 
controller chip, such as the ^PD8257. In DMA mode, the 
processor need only load the command into the FDC; all 
data transfers occur under control of the FDC and DMA 
controllers. In non-DMA mode, the FDC generates inter- 
rupts to the processor every time a data byte is to be 
transferred. 

The FDC will execute the 19 commands listed below. 
Most of the commands require multiple 8-bit bytes to 
fully specify the operation that the processor wants the 
FDC to perform. 



Read Data 
Read ID 
Specify 

Read Diagnostics 
Scan Equal 
Scan High or Equal 
Scan Low or Equal 
Sense Drive Status 
Reset Standby 
Version 



Read Deleted Data 
Write Data 
Write ID 

Write Deleted Data 
Seek 

Recalibrate 
Sense Interrupt Status 
Set Standby 
Software Reset 



□ 100% 765A/B microcode compatibility 

□ Sony (ECMA) compatible recording format 

□ IBM-compatible format (single- and double-density) 

□ Multisector and multitrack transfer capability 

□ Interface processor with up to four floppy-disk or 
microfloppy-disk drives 

□ Data scan capability: single sector or entire cylinder, 
comparing host memory and disk data byte-by-byte 

□ Data transfers in DMA and non-DMA modes 

□ Parallel seek operations on up to four disk drives 

□ Compatible with /[iPD8080/85, fiPD8086/88, and 
^PD780 (Z80®) microprocessors 

□ Single-phase clock (8 MHz maximum) 

□ +5-volt power supply 

□ CMOS technology 



Ordering Information 



Part Number 



Package 



Note 



|uPD72065C 



40-pin plastic DIP (600 mil) 



65G 


52-pin plastic miniflat (3.5-mm leads) 


3 


65GC 


52-pin plastic miniflat (1.8-mm leads) 


3 


65L 


44-pin PLCC 




jtiPD72065BC 


40-pin plastic DIP (600 mil) 


2 


65BGC-3B6 


52-pin plastic miniflat (1.8-mm leads) 


2,3 


65BL 


44-pin PLCC 


2 



Notes: 

(1) The basic part numbers are juPD72065 and juPD72065B. Suffix 
codes are added to identify particular packages. 

(2) The part is under development 

(3) Surface-mount conditions differ among the miniflat packages, as 
in reflow soldering. The NEC sales staff can provide details. 



Features 

Internal address mark detection circuitry of the FDC 
simplifies the phase-locked loop and read electronics. 
Track stepping, head load time, and head unload time 
are user-programmable. Additional features are multi- 
track and multiside read and write commands plus 
single- and double-density capabilities. 



Z80 is a registered trademark of Zilog Corp. 
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Pin Configurations 
AO-Pin Plastic DIP 



44-Pin PLCC (Plastic Leaded Chip Carrier) 
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Pin Identification 



Symbol 


I/O 


Function 


AO 


In 


Via the address bus, selects internal status 
register (0) or data register (1) 




In 


Chip select. Enables RD and WR signals. 


daCk 


In 


DMA acknowledge. 


UOq-uoj 


I/O 


Bidirectional three-state data bus. At reset, 
bus goes to Input mode. 


DRQ 


Out 


DMA request. Request for data transfer In 
DMA mode. 


FLT/TRKO 


In 


FLT (Fault). In read/write operation (FW/SEEK 

— V/y, II IvIlwCllOa WIIOUIOI lVJ\J 19 III ICIUII 

State. 

1 nivu (1 racK Kj). in seeK operaiion ^nw/oc:ci\ 
pin = 1), Indicates whether FDD read/write 
head is positioned at cylinder 0. 


FLTR/STEP 


Out 


FLTR (Fault read). In read/write operation 
(RW/SEEK pin = 0), releases FDD fault 
state. 

STER In seek operation (RR/V/SEEK pin - 1), 
outputs seek pulses. 


HDLD 


Out 


Head load. Sets FDD read/write head to load 
state. 


INDEX 


In 


Indicates that FDD read/write head is on the 
physical starting point of the track. 


INT 


Out 


Interrupt request. Requests main system to 
deal with transfer of data or result of 
execution. 


LCT/DIR 


Out 


LOT (Low current). In read/write operation 
(RW/SEEK pin 0), indicates FDD read/ 
write head is selecting a cylinder beyond the 
42nd. 

DIR. In seek operation (FW/SEEK pin = 1), 
specifies direction, toward the outside (0) or 
the inside (1). 


MFM 


Out 


Specifies function mode of VFO circuits: - 
FM; 1 = MFM. 


PSO, PS1 


Out 


Preshift signal requesting WDATA bit to shift 



in the opposite direction of expected peak 
shift to cancel out peak shift created when 
writing In MFM mode. 



PSO 


PS1 


FM 


MFM 








No 


No shift 





1 


shift 


Delays WDATA bit 


1 







Advances WDATA bit 


1 


1 







RD In Control signal used by main system to read 

out data from FDC to data bus. 



Symbol 


I/O 


Functk>n 


RDATA 


In 


Data (clock and data bits) read out from 
FDD. 

Unless both WINDOW and RDATA are input 
at read operation, FDC will enter deadlock 


READY 


In 


indicates FDD is in ready state. 


RESET 


In 


Sets FDC to idle state as follows. 

Drive interface outputs except PSO, PS1, 
and WDATA (undefined) are set to low. 

In the main system, INT and DRQ are set to 
low and DBg-DBy are set to input mode. 


TOSEEK 


Out 


Selects read/write operation (0) or seek 
operation (1). 


SIDE 


Out 


Selects head (SIDE = 0) or head 1 (SIDE 
= 1) in a double-sided FDD. 


SYNC 


Out 


VFO synchronize. Indicates FDC functional 
mode: read operation (1) or read operation 
inhibited (0). 


TC 


In 


Terminal count. Request for data transfer 
termination. 


IICA IIC1 


Out 


1 Init QAlAf^f OnA nf fmir Pr^r^<% i«t ^AlAf^tAH hv 

UllllODIOwl. Vi^l lO \J\ l\J\M VUxJa 19 OOlOwlwU tJy 

decoding USO and US1. 


WCLK 


In 


Write clock. Timing signal for data transfer in 
write operation; should also be input in read 
operation. 

Rising edges of WCLK and ^ must be 
synchronized for |*PD72065 but not for 
lttPD72065B. 

WCLK = 16 ^ cycles in FM mode and 8 <t> 
cycles in MFM mode. 


WDATA 


Out 


Write data (clock and data bits) to FDD. 


WE 


Out 


Write enable. Requests write operation to 
FDD. 


WINDOW 


In 


Data window signal generated by VFO 
circuit and used for sampling the clock and 
data bits of RDATA. Discrimination between 
clock and data bits is done in the FDC. 


WPRT/2SIDE 


In 


WPRT (Write protected). In read/write 



operation (RW/SEEK pin = 0), indicates 
whether media is in write inhibit state. 

2SIDE. In seek operation (PW/SEEK pin = 
1), indicates whether a double-sided floppy 
disk Is inserted. 
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Pin Identification (cont) 



Symbol 


I/O 


Function 


WR 


In 


Control signal used by main system to write 
data on data bus to FDC. 


<t> 


in 


Single-phase clock: standard floppy, 8 MHz; 
minifloppy, 4 MHz. 


GND 




Ground 


Vdd 


In 


+5-volt power supply 


IC 




Internal connection; must be left open. 


NC 




No connection. 



Note: At reset, all output pins go to the low state except for pins PSO 
and PSI, whose state is undefined. 



MPD72065/65B Blocic Diagram 
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System Configuration 



Memory 



77 



4\ DBo - DBy 
HRQ 
HACK 
etc. 



JIPD71071 
DMAC 



■ DRQ 



DACK 



TC 



DBo - DB7 
RD 
WR 
INT 

\7 



H.PD72065/65B 
FDC 



WINDOW 



MFM 



WDATA 



VFO 



^ 8080 System Bus 



Drive 
Interface 



Absolute Maximum Ratings 




Ta = +25°C 




Voltage on any pin 


-0.5 to +7 V 


Operating temperature, Tqpt 


-10 to +70°C 


Storage temperature, Tstq 


-65 to +150°C 



Capacitance 

Ta = +25°C; VpD = V; f = 1 IVIHz 

Parameter Symbol MIn Max Unit Conditions 

Clocic 20 pF Unmeasured pins 

capacitance returned to V. 

Input C|N 10 pF 
capacitance 

Output CouT 20 pF 
capacitance 



5-47 



MPD72065/65B 



NEC 



DC Characteristics 

Ta = -10 to +70°C; Vdd = +5 V ±10% 



Parameter 


Symbol 


Min 


Max 


Unit 


Conditioris 


Input voltage, low 


VI|L 


-0.5 


0.8 


V 




Input voltage, high 


VI|H 


2.2 


Vdd + 0.5 


V 




Input voltage, low (<^, WCLK) 


V|L 


-0.5 


0.65 


V 




Input voltage, high (<^, WCLK) 


V|H 


2.2 


Vdd + 0.5 


V 




Output voltage, low 


Vol 




0.45 


V 


lOL = 2.0 mA 


Output voltage, high 


VOH 


2.4 


Vdd 


V 


lOH = -200iuA 


Input leakage current, low 


Ilil 




-10 


fxA 


V,N = OV 


Input leakage current, high 


'lih 




+ 10 


jttA 


V|N = Vdd 


Output leakage current, low 


'lol 




-10 




VOUT = +0.45 V 


Output leakage current, high 


'loh 




+ 10 




Vqut = Vdd 


Vdd supply current 


'dd 




10 


mA 


<^CY =125 ns 




'ddi 




500 




0CY = 125 ns 








250 


M 


0CY = 250 ns 








100 




Clock stopped 
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AC Characteristics; Main System Side 

Ta = -10to +70°C; Vdd = +5 V ±10%; MFM data transfer = 500 kb/s (8 MHz), 250 kb/s (4 MHz) 









8-MHz Operation 


4-MiHz Operation 






Parameter 


Figure 


Symbol 


IVlin 


Typ 


Max 


Min 


Typ 


Max 


Unit 


Conditions 


Clock cycle 


2 


<^CY 


120 


125 


500 


240 


250 


500 


ns 




Clock width, high/low 


2 


^$ 


40 






40 






ns 




Clock rise time 


2 


<f>R 






20 






20 


ns 




Clock fall time 


2 


<^F 






20 






20 


ns 




AO, Us, DAUK setup time to RD 


3 


tAR 
















ns 




AO, C^, DACK hold time from RD 


3 


tRA 
















ns 




RD pulse width 


3 


tRR 


200 






200 






ns 




Data access time from RD I 


3 


tRD 






140 






140 


ns 




Data float delay time from RD t 


3 


tDF 


10 




85 


10 




85 


ns 




AO, US, DAUK setup time to WR 


4 


Uw 
















ns 




AO. US, DAUK hold time to WR 


4 


tWA 
















ns 




WR pulse width 


4 


tww 


200 






200 






ns 




Data setup time to WR 


4 


tow 


100 






100 






ns 




Data hold time from WR 


4 


tWD 
















ns 




INT delay time from RD t 


3 


tRI 






400 






400 


ns 


Data transfer in 


INT delay time from WR t 


4 


twi 






400 






400 


ns 


non-DMA mode 


DRQ cycle time 


5 


^MCY 


13 






26 






jas 


8-MHz: <AcY = 125 ns 


DACK 4, response time from DRQ t 


5 


tMA 


200 






400 






ns 


4-MHz: ^CY 250 ns 


RD i response time from DRQ t 


5 


tMR 


125 






250 






ns 




WR 4, response time from DRQ t 


5 




250 






500 






ns 




DRQ delay time from DACK i 


5 


Um 






140 






140 


ns 




DAUK pulse width 


5 


*AA 


2 






2 






<^CY 




WR/RD response time from DRQ t 


5 


tMRW 






12 






12 


jttS 




TC pulse width 


5 


tTC 


60 






60 






ns 




RESET pulse width 


6 


*RST 


14 






14 






<f>cy 




Clock hold time at standby 


7 


*WC 


32 






32 






<AcY 




Clock setup time at standby release 


7 


*CW 


16 






16 






<i>CY 




INT response time from DRQ i 


8 


^Ml 


60 




77 


60 




77 


0CY 


iaPD72065B only 


INTt to DAUK ineffective 


8 


t|A 






1 






1 


0CY 
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AC Characteristics; Drive Side 



T/^ = -lO to +70''C; Vdd = +5 V 


±10%; IVIFM data transfer = 500 l<b/s (8 IVIHz), 250 kb/s (4 MHz) 














8-MHz Operation 


4-MKIz Operation 








Parsmotef 


Figure 


Symbol 


Min Typ 


Max 


Min Typ 


Max 


Unit 


wwi ivii nn/i 1^ 




WCLK cycle time 


9 


tcY 


16 




16 




^CY 


MFM - 










8 




8 




^CY 


MFM = 1 




WCLK width, high 


9 




80 250 


350 


160 500 


700 


ns 


w IVII ifci x^Ot 

4-MHz: 0CY = 


125 ns 
250 ns 


WCLK, RDATA, WiNDOW rise time 


9 


tR 




20 




20 


ns 






WCLK, RDATA, WiNDOW fall time 


9 


tp 




20 




20 


ns 






PSO, PS1 delay time from WCLK 


9 


tCP 


10 


80 


10 




ns 






WDATA delay time from WCLK 


9 


tCD 


10 


80 


10 




ns 






WE delay time from WCLK 


9 


*CWE 


10 


80 


10 




ns 






WDATA width 


9 


*WDD 


tj- 50 




tj- 50 




ns 






RDATA active time high 


10 


*RDD 


40 




40 




ns 






WINDOW cycle time 


10 


*WCY 


2 




4 




JUS 


MFM = 










1 




2 




MS 


MFM = 1 




WINDOW setup time to RDATA 


10 


%RD 


15 




15 




ns 






WINDOW hold time from RDATA 


10 


tRDW 


15 




15 




ns 






USO, US1 setup time to SEEK 


11 


tus 


12 




24 




MS 


8-MHz: ^CY = 
4-MHz: ^CY = 
(Note 1) 


125 ns 


SEEK setup time to DIR 


11 


tSD 


7 




14 




|US 


250 ns 


DIR setup time to STEP 




*DST 


1 




2 




MS 




USO, US1 hold time from STEP 




tsTU 


5 




10 




MS 






STEP active time high 




*STP 


6 7 


8 


12 14 


16 


MS 






USO, US1 hold time after SEEK 




*SU 


15 




30 




MS 






SEEK hold time from DIR 




tps 


30 




60 




MS 






DIR hold time after STEP 




tSTD 


24 




48 




MS 






STEP cycle time 




tsc 


33 




66 




MS 






FLTR active time high 




tpR 


8 


10 


16 


20 


MS 






INDEX level high 


12 


t|DK 


4 




4 




^CY 







Notes: 



(1) For the parameters on figures 1 1 and 12, the minimum values are 
50 ns less than the values (ms) specified in the table. For example, 
10 MS is actually 9.950 fis. 

(2) While the unit under test is performing a seeic operation, the 
SENSE DEVICE STATUS command is being executed for the 
other devices. 
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Figure I. Wtage Thresholds for Timing 
Measurements 



Figure 2, Clock: ¥/iBveform 



Data Inputs 



2.4 V 
0.45 V 



W2.2V 



2.2 
0.8 



3.0 V 
0.3 V 



Clock Inputs [0 and WCLK] 

2.2 v-\ 

0.65 v\_ 



y 2.2 V 
f 0.65 V 




Figure 3. Read Operation 



AO, CS, DACK 



tAR 



DB0-DB7 



-C 





tRR 


•2 


< tRD H 



tRA 



tDF 



h 



-tRI- 



Figure 4. Write Operation 



AO. CS. DACK 



WR 



DB0-DB7 



tAW 



X 



-tww- 



-tDW- 



K 



tWA 



tWD 



X 



-twi- 
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Figure 5. DMA Operation 




Figures. RESET mveform 



Figure s, Overrun Operaiion OtPD7206SB) 




Figure!. Siandby Operation 




-tMI- 



\ 



-t|A- 
INT Generation 
[Command Executed] 



Ineffective Period 
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Figure P. FDD Write Operation 



tR- 



tCWE- 



X 



tcp- 



-tCY- 



tCWE 



\ 



tCD— J h— twDDh— H 



Figure 10, i=DD Read Operation 



tRDD 



-tWRD- 



-tRDW- 



- tWCY- 



Figure 11. Seeic Operation 



USO, US1 



X 



tUSH 



X 



tsu - 



if 



tSDH 



X 



tDSH 



tDSTH 



tSTDh 



-tSTU- 



JnL 



tSTP - 



-tsc- 
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Figure 12. FLTR and INDEX mvef arms 




COMPARISON, MPD72065 VS MPD72065B 

The iiiPD72065B is a functionally enhanced version of the 
/iPD72065. Differences are explained below. 

Overrun Bit (OR) 

In the iLiPD72065, when executing a read- or write-type 
command (except READ ID and SCAN types), the result 
status OR bit is not set if there is an overrun on the final 
byte of a sector An improvement in the ^PD72065B 
allows it to set the OR bit in any situation. 

ORG Reset 



When an overrun occurs, the /iPD72065 needs the DACK 
input to reset DRQ. If DACK is not available, an external 
DMA controller continues operating even after the FDC 
enters the R-phase, and stored result status may be 
transferred accidentally as ordinary data. 

On the other hand, the /aPD72065B resets DRQ automat- 
ical lyjust^ before the R-phase entry and independent of 
the DACK input. See AC Characteristics for DRQ reset 
timing. 

Clock Synchronization 

The /xPD72065 does not require synchronization be- 
tween the (j) clock and WCLK inputs. 

VERSION Command 

The VERSION command distinguishes the /[iPD72065B 
from other devices. The STO response to the command 
Is: 



Part No. 

MPD72065 
)[iPD72065B 



STO Value 

80H 
90H 



COMPARISON, iiiPD72065/65B VS mPD765A/B 

Table 1 shows differences in the parameters and features 
of the FDCs. 

Table 1, mPD72065/65B and fiPD76SA/B 



Parameter 


|ttPD72065/65B 


MPD765A/B 


Track format 


IBM 


IBM 


Tracks to be recalibrated 


255 


77 


Skipping time after Index 
pulse detection 


0.2 ms (4 MHz) 


1.2 ms (4 MHz) 


DRQ t to RD 4 response time 


<^CY = 125 ns 


1 X0CY 


0.8 jus 


<^CY = 250 ns 


1 x<^CY 


1.6 jus 


FDD response latency after 
Unit select signal 


<^CY = 125 ns 


2.5^3 


0.5 jas 


0CY = 250 ns 


5.0 jiiS 


1.0 |LlS 


Mult it rack write by tunnel 
erase head 


Yes 


No 


Standby function (Standby 
command) 


Yes 


No 


SOFTWARE RESET 
command 


Yes 


No 



^CY = ^\ock cycle time 
DATA FORMAT 

Figure 13 shows the data format for FM and MFM modes 



5-54 



NEC 



MPD72065/65B 



Figure 13. Data Format and Timing. 



FM and MFM 



Jl 



Gap4a 


SYNC 


lAM 


Gap1 


SYNC 


IDAM 


C 


H 


R 


N 


CRC 


Gap2 


SYNC 


DAM (DDAM) 


Data 


CRC 


Gap3 


Gap4b 


•FF' 
x40 


•00' 
X6 


'FC 

X1 


•FP 
x26 


•oo^ 

x6 


'FE' 

X1 


X1 


X1 


X1 


x1 


x2 


'FF' 

X11 


•oo^ 

X6 


'FB' 
('FB') 

X1 




x2 


w 




•4E' 
x80 


•00' 
X12 


'C2' 
x3 


•FC^ 
x1 


•4E^ 
x50 


•00' 
x12 


•A1' 
x3 


'FE' 

X1 


X1 


x1 


X1 


X1 


x2 


'4E' 
x22 


'00' 
x12 


'A1' 
x3 


'FB' 
('F8') 
x1 




x2 








Reoeat N times ► 





FM 



MFM 



C Cylinder number (0 thru 76) lAM Index Address Mark 

H Head address (0 on) IDAM ID Address Mark 

R Record section number DAM Data Address Mark 

N Number of data bytes DDAM Deleted Address Mark 

CRC Cyclic Redundancy Check ** User programmable 



INDEX 



n 



SYNC and WE Signal Timing Example 



R 



Gap1 ID Gap2 DATA Gap3 ID Gap2 Gap4 



z 



WE 



r 



J — . 



■ Read 
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MPD72067 
Floppy-Disk Controller 



Description 

The /[iPD72067 Floppy-Disk Controller (FDC) Is a CMOS 
device that integrates onto a single chip the peripheral 
logic necessary for todays's high-performance, low- 
power designs. It maintains complete microcode com- 
patibility with the NEC fiPDies and /iPD72065 devices, 
long established as the industry standard for floppy-disk 
control. 

The ^PD72067 incorporates on-chip clock generation/ 
switching, selectable write precompensation, and all the 
circuitry required for directly interfacing four floppy- disk 
drives. 

An internal high-performance digital phase-locked loop 
(DPLL) enables reliable data separation at data transfer 
rates up to 500 kb/s. 

Features 

□ Command compatible with /[tPD765A, 765A-2, 765B, 
7265, 72065, 72065B, 72066 

□ IBM diskette compatible 

— Single-sided, 128/256/512 bytes/sector 

— Double-sided, 256 bytes/sector 

— Double-sided, double-density, 256/1024 bytes/ 
sector 

□ ECMA/ISO minifloppy-disk format compatible 
-ECMA66 (ISO/TC97/SC11 N419), single-sided, 

single-density, 256 bytes/sector 
-ECMA70 (ISO/TC97/SC11 N475), double-sided, 
double-density, 256 bytes/sector 

□ Data transfer rates: 125, 150, 250, 300, 500 kb/s 

□ Standby function 

□ On-chip peripheral circuits 

— VFO (DPLL) for window signal generation 

— Write precompensation 

— System clock generator 

— Write clock generator 

□ External VFO (such as /iPD71065/71066) can be 
connected 

□ Spindle motor control 

□ FM, MFM control (specified in each command) 

□ Variable record length: 128, 256, 512, 1024, 2048, 
4096, or 8192 bytes/sector 

□ Multisector and multitrack functions 

□ Controls up to four FDDs 

□ Mixed floppy-disks: single- and double-sided, single- 
and double-density 



50075 



□ Simultaneous seek operation on four FDDs 

□ Intermediate or incomplete sector read/write can be 
specified (FM, 128 bytes/sector) 

□ Internal CRC generation and check (xi6 + xi2 + xs 
+ 1) 

□ Stepping speed programmable 

□ Head load and unlead times programmable 

□ Data scan function: detection of sector satisfying 
equal-to, greater-than, or less-than condition with 
main memory data) 

□ DMA or non-DMA (interrupt) data transfer 

□ CMOS 

□ Single +5-volt power supply 



Ordering information 



Part Number 


Package 


jttPD72067C 


48-pin plastic DIP (600 mil) 


lttPD72067GC-3B6 


52-pln plastic miniflat 


jttPD72067L 


52-pin PLCC (plastic leaded chip carrier) 



Pin Configurations 
48'Pin Plastic DIP (600 mil) 





C 


1 V. 


^ 48 


□ 


D5 


Dy 


c 


2 


47 


□ 


□4 


DRQ 


c 


3 


46 


□ 


D3 


DACK 


c 


4 


45 


□ 


□2 


TC 


c 


5 


44 


□ 


Di 


INT 


c 


6 


43 


□ 


Do 


XB1 


c 


7 


42 


□ 


GND 


XB2 


II 


8 


41 


□ 


AO 


EXT 


c 


9 


40 


□ 


CS 


XA1 


c 


10 


39 


□ 


WR 


XA2 


c 


11 


38 


n 


RD 


GND 


II 


12 


37 


□ 


RESET 


GND 


c 


13 


36 


□ 


vdd 


RDATA 


c 


14 


35 


□ 


RW/SEEK 


WDATA 


c 


15 


34 


□ 


LGT/DIR 


peso (SYNC) 


c 


16 


33 


□ 


FLTR/STEP 


PCS1 (WINDOW) 


c 


17 


32 


□ 


HOLD 


FMT (MFM) 


c 


18 


31 




READY 


CLKOUT 


II 


19 


30 


□ 


WPRT/2SIDE 


INDEX 


c 


20 


29 


□ 


FLT/TRKO 


DR1 (EM3) 


II 


21 


28 


□ 


WE 


DRO (EM2) 


c 


22 


27 


□ 


USO 


EM1 


II 


23 


26 


□ 


US1 


EMO 


c 


24 


25 


□ 


SIDE 



( ) Name applicable when EXT VFO is used 
(EXT = 1 in the internal mode). 
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S2'Pin Plastic Miniflat 







uu 

Q 


































CO 
CM 
















Cvl 

IS 


CO 
















PRT/ 


LT/TR 


m 


8 


CO 


111 
Q 


o 


i 


LU 
O 
CC 


R1(E 


JDEX 


g 


O 












UL 


$ 


ID 




C/3 


Lll 


LU 


Q 


Q 


— 


o 


z 










n 


_ 

XL 


H 


JIL 


XL 


XL 


XL 


XL 


XL 


_ 

XL 


_ 
XL 


XL 


n , 










CM 
lO 


LO 


o 
in 




CO 




(O 






CO 
-si- 


CM 




o 






READY C 


K 


D 
























39 


□ FMT(MFM) 




HOLD C 


2 


























38 


□ PCS1 (WINDOW) 




FLTR/STEP C 


3 


























37 


□ peso (SYNC) 






4 


























36 


—\ VA/nATA 
_J W L/ A 1 A 




RW/SEEK C 


5 


























35 


□ RDATA 




VddC 


6 


























34 


□ GND 




NC C 


7 


























33 


□ GND 




RESET C 


8 


























32 


□ XA2 




RD C 


9 


























31 


□ XA1 




WR C 


10 
























30 


□ EXT 




cs c 


11 


























29 


□ XB2 




AO C 


12 
























28 


□ XB1 




NC C 


13 
























27 


□ NC 








to 


CD 




00 




o 




CM 


CO 




in 


CD 


( ) Name applicable when EXT VFO is used 


















CM 


CM 


CM 


CM 


CM 


CM 


CM 




(EXT = 1 in the internal mode) 






□ 


'O 


□ 


o 


"5 




u 


D 


■o 


D 


"□ 


n 










Q 


o 




CM 


CO 






CO 






1^ 




h- 










z: 


Q 


q" 


Q 


Q 


Q 


Q 


Q 


Q 


g 






z 




























Q 


Is 










































83VO-5918B 



S2'PinPLCC 



Q Q $ 

> > Itr 



LU CC 



V) 

□ Q 

U- X 



nnnnnnnnnnnnn 



NC 
Do 
Di 
D2 
D3 
D4 
D5 
D6 
D7 
DRQ 
DACK 
TC 
INT 



8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

di9 

C 20 



o 



46 □ 

45 □ 

44 □ 

43 P 

42 

41 

40 

39 

38 

37 

36 

35 

34 d 



uuuuuuuuuuuuu 

T- CM 



WPRT/2SIDE 

FLT/TRKO 

WE 

USO 

US1 

SIDE 

NC 

EMO 

EMI 

DRO (EM2) 
DR1 (EM3) 
INDEX 
CLKOUT 



( ) Name applicable when EXT VFO is used 
(EXT = 1 in the intemal mode) 



Q Q < < 



Q Q ?rt 



O § 2 
O 

o :;r 
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Pin Identificfrtion 



Symbol 


I/O 


SiQnsi Function 


AO 


In 


Address 0. Selects |iiPD72067 registers via 






address bus. 






AO Registers 






Status or auxiliary command 






1 Data 


CLKOUT 


Out 


When EXT = 1, supplies clock required by a 






jttPD71065/71066 used as an external VFO. 






DR1 CLKOUT 






16 MHz 






1 19.2 MHz 






Note: CLKOUT goes low when EXT = 0. 




In 


Chip Select. Validates W and signals. 


D0-D7 


I/O 


Bidirectional, three-state data bus. 


OaCk 


In 


DMA Acl<nowledge. Enables DMA cycle. 


OHO, uH\ 


In 


Data Rate. Sets data transfer rate in external 






mode. 


(EM2. EM3) 


Out 


Enable Motor. Controls spindle motor In internal 






mode. 


DRQ 


Out 


DMA Request. Requests data transfer in DMA 






mode. 


EMO, EMI 


Out 


Enable Motor. Controls spindle motor. 


EXT 


In 


External VFO. Selects VFO in internal mode. 






cAl VrU 






Internal 






^ External 






In external mode, the Input to EXT is not 






significant 


FLTR/STEP 


Out 


FLTR n=fiuit ^e<%fit^ Whi^n WjQ/^PPK U SAt n 
ri.1 n ^rctuii nosoiy. vwnon rwv/oc.cr\ is soi lo u, 






FLTR releases the drive fault state. 






STEP. When Rvv/StcK Is set to 1, STEP 






generates seek pulses 


CI T/TDI/A 

rLI/ 1 HlvO 


In 


CI T /CaiiUX \A/kArk 5A7/CCCi/ la ra* 4m A CI T 

rui (rauit). wnen HW/ottK is set to o, plt 






inoicates wneiner tne arive is in tauit state or 






not. 






RKO (Track 0). When TOSEEK Is set to 1, TRKO 






indicates whether the readMrite head is 






positioned at cylinder or not 


FMT 


In 


Format Selects format in external mode. 






FMT Format 






IBM 






1 ECMA 


(MFM) 


Out 


MFM Mode. In internal mode, format is specified 






by the SELECT FORMAT command. The MFM 






output signal specifies the VFO circuit operation 






mode. 






MFM Mode 






FM 






1 MFM 


HOLD 


Out 


Head Load. Causes read/write head to contact 



the diskette. 



Symbol 


I/O 


Signal Function 


INDEX 


in 


indicates read/write head Is positioned at the 
physical starting point of the track on the 
medium. 


INT 


Out 


Interrupt Request Requests main system to 
process the transfer data and execution results. 


LCT/DIR 


Out 


LOT (Low Current). When WlSEEK signal Is set 



to 0, LOT Indicates the read/write head selects 
the 43rd or later cylinder. 
DiR (Direction). When TO/SEEK signal Is set to 
1 , DiR specifies the seek direction. 

DIR Direction 

Outer 

1 Inner 

peso In Precompensation. In external mode, PCSO 

determines the amount of precompensation. 

(SYNC) Out VFO Synchronize. In internal mode, SYNC 
Indicates the ^PD72067 operation mode. 

SYNC Mode 

Read operation is inhibited 

1 Read operation is being performed 

This pin should be puiied high or low by 
resistors if external mode is not used. 

PCS1 In Precompensation. In external mode, PCS1 (with 

PCSO) determines the amount of 
precompensation. 

(WINDOW) In Data Window. In internal mode, the WINDOW 

signal generated by the VFO circuit samples the 
RDATA bits. The jttPD72067 determines whether 
a bit is clock or data. 



This pin should be tied directly high or low If 
external mode is not used. 



m 


In 


Read. Causes the main system to read data 
from the ^PD72067 to the data bus. 


RDATA 


In 


Read data (consisting of clock and data bits) 
from the drive, if both WINDOW and RDATA are 
not input at the read state, a deadlock state Is 
entered. 


READY 


In 


Indicates the drive is in a ready state. 


RESET 


In 


Places ^PD72067 in idle state. 

• Outputs are low except WDATA Is undefined. 

• In main system, INT and DRQ are low. 

• D0-D7 are in the input state. 


TOSEEK 


Out 


Specifies whether certain FDD interface signals 
are used for read/write or seek. 
RW/SEEK Signal function 

Read/write 

1 Seek 


SIDE 


Out 


Selects head or head 1 of screen-type drive. 
SIDE Selected 

Head 

1 Head 1 


TC 


in 


Terminal Count Indicates data transfer 



termination. 
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Pin Identification (cont) 



Symbol 


I/O 


Signal Function 


USO, US1 


Out Unit Select. One of four FDDs is selected by 
decoding USO and USI. 


WDATA 


Out Write data (clock and data bits) to FDD. 


WE 


Out Write Enable. Requests FDD to write data. 


WPRT/2SIDE 


In 


WPRT (Write Protected). When RW/SEEK is set 
to 0, WPRT indicates whether the medium is 
write-protected. 

2SiDE (Two Side). When W/SEEK is set to 1, 
2SIDE Indicates whether the medium is double- 
sided. 


Wr 


In 


Write. Control signal that allows the main 
system to read data from the juPD72067 to the 
data bus. 


XA1,XA2 


In 


Crystal A. To use internal VFO (EXT = 0), 
connect a 32-MHz quartz crystal resonator to 
XA1 and XA2. As an alternative, connect a 32- 
MHz external clock to XA1 and leave XA2 open. 
To use external VFO (EXT = 1), connect a 16- 
MHz quartz crystal resonator to XA1 and XA2. 
As an alternative, connect a 16-MHz external 
clock to XA1 and leave XA2 open. 


XB1,XB2 


In 


Crystal B. To use the 300-kb/s data transfer 
rate, connect a 19.2-MHz quartz crystal 
resonator to XB1 and XB2. As an alternative, 
connect a 19.2-MHz external clock to XB1 and 
leave XB2 open. 


NC 




No Connection 


GND 




Ground 


Vdd 


In 


+5-volt power supply 



Note: 

The pin symbol in parentheses applies when external VFO is used. 
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^PD72067 Block Diagram 




I I Block upgraded or added to 
' original HPD765/72065 

( ) Internal signal 



XB1 XB2 



RESET ^ 


Reset 




Control 



DB0-DB7 ^ s 



Data Bus 
Buffer 



Status 



AO - 
CS 
RD ■ 
WR • 



DRQ - 
DACK ■ 



INT ■ 



System 
Interface 
Control 



^ Multiplexer ^ Data <^ 



T 



Auxiliary 



Command 
Registers 

and 
Timers 



Drive 
Interface 
Control 



Input 
Port 



- READY 

- WPRT/2SIDE 

- INDEX 

- FLT/TRKO 
-TC 



Output 
Port 



■USO 
'US1 
■HDLD 
' LCT/DIR 
■ FLTR/STEP 

RW/SEEK 
■SIDE 
'MFM 



RDATA 



Digital 
Phase^Locked 
Loop 



(RDATA) 



(WINDOW) 



Motor 
Control 



-EMO 
-EM1 



- (EM2) 

- (EM3) 



Data 
Separation 
and 
Serial 
interface 
Circuitry 



(WCLK) 



• FMT 

• WE 

' SYNC 



Precomp 
Control 



-peso 

-PCS1 
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Absolute Maximum Ratings 



Voltage on any pin 








-0.5 to +7 V 


Operating temperature, Topt 








-10 to +70°C 


Storage temperature, Tstg 








-65 to 150^*0 


Capacitance 

Ta= +25°C;Vdd = OV;f = 


1 MHz 








Parameter 


Symbol MIn 


Max 


Unit 


Conditions 


Clock capacitance 




20 


pF 1 


Unmeasured 


Input capacitance 






10 




pins returned 
toOV. 


Output capacitance Cqut 




20 


pF 


DC Characteristics 

Ta = -10 to +70°C; Vqd = +5 V ±10% 


Parameter 


Symbol 


Min 


Max 


Unit 


; Conditions 


Low-level input 
voltage 


ViL 


-0.5 


0.8 


V 




High-level input 
voltage 


VlH 


2.2 


Vdd + 0.5 V 




Low-level output 
voltage 


Vol 




0.45 


V 


lOL = 2.0 
mA 


High-level 
output voltage 


VoH 0.7 Vdd 


Vdd 


V 


'oh = 
-200 juA 


Lowlevel input 
leakage current 


Ilil 




-10 


^lA 


V|N = OV 


High-level input 
leakage current 


'lih 




+ 10 


HiA 


ViN = Vdd 


Lowlevel output 
leakage current 


'lol 




-10 


mA 


V0UT = 
+0.45 V 


High-level 
output leakage 
current 


Iloh 




+ 10 




Vqut = 
Vdd 


Vdd supply 
current 


'dd 




60 


mA 


Note 1 


Standby current 


Iddi 




100 


HA 




Oscillator 

stabilization 

time 






10 


ms 





Notes: 

(1) When a 32-MHz crystal is connected to XA1-XA2 or a 19.2-MHz 
crystal is connected to XB1-XB2. 
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AC Characteristics 1; Standard Floppy-Disk Control 

\ = -10 to +70°C; Vdd = +5 V ±10%; 
MFM data transfer rate = 500 kb/s 



Parameter 


Figure 


Symbol 


MIn 


Typ Max 


Unit 


Conditions 


Main System Side 


AO, DACK setup time to RD 


2 


tAR 







ns 




AO, DACK hold time from RD 


2 


tRA 







ns 




RD pulse width 


2 


tRR 


200 




ns 




Data access time from RD i 


2 


tRD 




140 


ns 




r^ato 'fl/\at 4!mA 4rr\rY\ OV\ ^ 

Uaia Tioal uoiciy iimo Trom nu i 


o 
c. 


tDF 


1U 




ns 




IMT tSma 4rr\m DO '^ 

UN 1 uoiciy iimo irom tvj i 




*RI 




Ann 




Note 1 


An nAriK ^Atim tima to WR 


g 


*AW 


Q 








An 7^ nAHK hnlH tlm« from WR 
/\u, wo, UAorx noiu iimo Trom vvn 


o 
o 


%A 


u 








\A/D m ilea taiiHth 

vvn puiso wiain 


Q 

o 


tww 






ns 




Data setup time to WR 


3 




100 




ns 




Data hold time from WR 


3 


twD 







ns 




1 NT delay time from WR t 


3 


twi 




400 


ns 


Note 1 


DRQ cycle time 


4 


tMCY 


13 




|US 


DR1 = 0, DRO = 1 


DACK i response time from DRQ T 


4 


tMA 


200 




ns 




DRQ delay time from DACK 4 


4 


*AM 




140 


ns 




DACK pulse width 


4 


*AA 


8 




0CY 


Note 5 


RD i response time from DRQ t 


4 


tMR 


125 




ns 


DR1 = 0, DRO = 1 


WR i response time from DRQ t 


4 


tMW 


250 




ns 




WR/RD response time from DRQ T 


4 


tMRW 




12 


l^s 




TC pulse width 


4 


tjc 


60 




ns 




RESET pulse width 


5 


tRST 


60 




^CY 


Note 5 
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AC Characteristics 1; Standard Floppy-Disk Control (cont) 



Parameter 


Figure 


Symbol 


MIn 


Typ 


Max 


Unit 


Conditions 


DfivoSide 


RDATA high-level width 


6 


^RDD 


40 






ns 




WINDOW cycle time (Note 2) 


6 


%cy 




2 






MFM - 










1 




jttS 


MFM - 1 


WINDOW setup time to RDATA (Note 2) 


6 


^WRD 


15 






ns 




WINDOW hold time from RDATA (Note 2) 


6 


^DW 


15 






ns 




USO. US1 setup time to SEEK 


7 


\iS 


12 






p» 


Noted 


SE EK setup time to DIR 


7 


%D 


7 






IttS 




DIR setup time to STEP 


7 


*DST 


1 






IKS 




USO, US1 hold time from STEP 


7 


tSTU 


5 






MS 




STEP high-level width 


7 


tsTP 


6 


7 


8 


jftS 




USO, US1 hold time from SEEK (Note 4) 


7 


%U 


15 






l»8 




SEEK hold time from DIR 


7 


tos 


30 






IKS 




DIR hold time from STEP 


7 


tSTD 


24 






jUS 




STEP cycle time 


7 


*SC 


33 






jftS 




FLTR high-level width 


8 




8 




10 


MS 




INDEX high-level width 


8 


*IDX 


16 








Note 5 



Notes: 

(1) For data transfer in non-DI\^A mode. 

(2) When external VFO is. used. 



(3) The minimum value for drive-side parameters is 50 ns less 
than the value expressed in ^s. For example, 12 |ks is actually 
11.950jttS. 

(4) While the unit under test is performing a seek operation, the 
SENSE DEVICE STATUS command is being executed for the 
other devices. 

(5) The time ^CY is a multiple of the period of a quartz crystal 
resonator connected to pins XA1-XA2 or an external dock 
connected to pin XA1. The multiple is four (EXT » 0) or two (EXT 
= 1). 

(6) See figure 1 for timing measurement voltage thresholds. 
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AC Characteristics 2; Minif loppy-DlsIc Controi 

Ia = -10 to +70''C; Vdd == +5 V ±10%; 
MFM data transfer rate - 250 kb/s 



Parameter 


Figure 


Symbol 


Min 


Typ Max 


Unit 


Conditions 


Main System Side 


AO, CS, DACK setup time to RD 


2 


tAR 







ns 




AO, CS, DACK hold time from RD 


2 


tRA 







ns 




^ pulse width 


2 


tRR 


200 




ns 




Data access time from ^ i 


2 


tRD 




140 


ns 




r^ota flAfit Halfiw tlmA fmm QP^ ^ 

uciia Tioeii aeieiy iimo iroiTi nu i 


o 




in 




ns 




IKIT Halo\f 4imA 4r/Mvi 5n[ ^ 

iiNi aoiay iiiTio Tiom nu i 


o 

e. 


'Rl 




Ann 


ns 


INOlo 1 




q 


*AW 


n 








AO 7^ DAHK hold time frrtm 




%A 


n 
u 








\A/P m ilea lAflrith 

vvn fjuioo wiuiii 


o 


tww 


!>nn 




ns 




Data setup time to WR 


3 


tow 


100 




ns 




Data hold time from WR 


3 


twD 







ns 




INT delay time from WR T 


3 


twi 




400 


ns 


Note 1 


DRQ cycle time 


4 


tMCY 


26 




|*S 


DR1 = 0, DRO = 


DACK i response time from DRQ t 


4 


^MA 


400 




ns 




DRQ delay time from DACK i 


4 


*AM 




140 


ns 




OA^ pulse width 


4 


Ua 


8 




^CY 


Notes 


W i response time from DRQ t 


4 


*MR 


250 




ns 


DR1 = 0, DRO = 


WR i response time from DRQ t 


4 




500 




ns 




WR/RD response time from DRQ t 


4 


^MRW 




24 


j*S 




TO pulse width 


4 


tjc 


60 




ns 




RESET pulse width 


5 


^RST 


60 




^CY 


Notes 



5-65 



MPD72067 



NEC 



AC Characteristics 2; Minif ioppy-Disk Control (cont) 



Parameter 


Figure 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Drive Side 


RDATA high-level width 


6 


tRDD 


40 






ns 




WINDOW cycle time (Note 2) 


6 


twCY 




4 




jttS 


MFM = 










2 




MS 


MFM = 1 


WINDOW setup time to RDATA (Note 2) 


6 


tWRD 


15 






ns 




WINDOW hold time from RDATA (Note 2) 


6 


tRDW 


15 






ns 




USO, US1 setup time to SEEK 


7 


tus 


24 






ms 


Notes 


SE EK setup time to DIR 


7 




14 






jUS 




DIR setup time to STEP 


7 


*DST 


2 






las 




USO, US1 hold time from STEP 


7 


tSTU 


10 






jttS 




STEP high-level width 


7 


tSTP 


12 


14 


16 


JUS 




USO, US1 hold time from SEEK (Note 4) 


7 


tsu 


30 






jttS 




DIR hold time from STEP 


7 


tSTD 


48 






jUS 




SEEK hold time from DIR 


7 




60 






IttS 




STEP cycle time 


7 


tsc 


66 






IttS 




FLTR high-level width 


8 




16 




20 


jttS 




INDEX high-level width 


8 


*IDX 


16 






0CY 


Notes 



Notes: 

(1) For data transfer In non-DMA mode. 

(2) When external VFO is used. 



(3) The minimum value for drive-side parameters Is 50 ns less 
than the value expressed in jus. For example, 12 ^s is actually 
1 1.950 ittS. 

(4) While the unit under test is performing a seek operation, the 
SENSE DEVICE STATUS command Is being executed for the 
other devices. 

(5) ^CY is ^ multiple of the period of a quartz crystal resonator 
connected to pins XA1 -XA2 or an external clocl< connected to pin 
XAl.The multiple is eight (EXT = 0) or four (EXT = 1). 

(6) See figure 1 for timing measurement voltage thresholds. 
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AC Characteristics 3; High-Speed Floppy-Disk Control 

\ = -10 to +70°C; Vdd = +5 V ±10%; 
MFM data transfer rate = 300 kb/s 



Parameter 


Figure 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Main System Side 


AO, CS, DACK setup time to RD 


2 


tAR 









ns 




AO, DACK hold time from RD 


2 


tRA 









ns 




RD pulse widtli 


2 


tRR 


200 






ns 




Data access time from RD 4. 


2 


*RD 






140 


ns 




r^A^o W^toif +irv%A 4r/\w\ DO ^ 

uaia Tioai ueiay lime Tiom nu i 


£. 


IDF 


in 




nc; 
oo 


ns 




UN 1 ueiay iim© Trom nu i 





'R! 






Ann 




Note 1 


/\u, uMOiv scxup iimo lo vvn 


o 


*AW 


n 










Aft ?^ DAPK hnlH timA frnm WR 
Au, oo, uMoiv noici iirno Tiom vvn 


Q 

o 


*WA 


V 










W/P rti ilea %«/!r4th 

vvn puiso wiuin 


o 
o 


*WW 












Data setup time to WR 


3 


tow 


100 






ns 




Data liold time from WR 


3 


two 









ns 




INT delay time from WR T 


3 


twi 






400 


ns 


Notel 


DRQ cycle time 


4 


tMCY 


21.7 






MS 


DR1 = I.DRO = 1 


DACK i response time from DRQ T 


4 


^MA 


333.3 






ns 




DRQ delay time from DACK i 


4 


^AM 






140 


ns 




DACK pulse width 


4 


Ua 


8 






0CY 


Notes 


RD i response time from DRQ t 


4 


tMR 


208.3 






ns 


DR1 = I.DRO = 1 


WR i response time from DRQ T 


4 




416.7 






ns 




WR/RD response time from DRQ T 


4 


^MRW 






12 






TC pulse width 


4 


tjc 


60 






ns 




RESET pulse width 


5 


*RST 


60 






0CY 


Note 5 
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AC Characteristics 3; High-Speed Floppy-Disk Controi (cont) 



Parameter 


Figure 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


DrivB Side 


RDATA high-level width 


6 


*RDD 


40 






ns 




WINDOW cycle time (Note 2) 


6 


*WCY 




3.33 




JttS 


IVIFM = 










1.67 




JttS 


MFM = 1 


WINDOW setup time to RDATA (Note 2) 


6 


*WRD 


15 






ns 




WINDOW hold time from RDATA (Note 2) 


6 


tRDW 


15 






ns 




USO, US1 setup time to SEEK 


7 


\iS 


20 






JttS 


Note 3 


SEEK setup time to DIR 


7 


tsD 


11.7 






l»s 




DIR setup time to STEP 


7 


*DST 


1.7 






itis 




USO, US1 hold time from STEP 


7 


tSTU 


8.3 






j»S 




STEP high-level width 


7 


tSTP 


10 


11.7 


13.3 


MS 




USO, US1 hold time from SEEK (Note 4) 


7 


tsu 


25 






jttS 




DIR hold time from STEP 


7 


tSTD 


40 






JttS 




SEEK hold time from DIR 


7 




50 






jttS 




STEP cycle time 


7 


tsc 


55 






MS 




FLTR high-level width 


8 


tpR 


13.3 




16.7 


MS 




INDEX high-level width 


8 


*IDX 


16 






0CY 


Note 5 



Notes: 

(1) For data transfer in non-DMA mode. 

(2) When external VFO is used. 



(3) The minimum value for drive-side parameters Is 50 ns less 
than the value expressed In ms. For example, 12 ms is actually 
11.950 ms. 

(4) While the unit under test is performing a seek operation, the 
SENSE DEVICE STATUS command is being executed for the 
other devices. 

(5) ^CY is a multiple of the period of a quartz crystal resonator 
connected to pins XB1 -XB2 or an external clock connected to pin 
XB1. The multiple is four (EXT = 0) or two (EXT = 1). 

(6) See figure 1 for timing measurement voltage thresholds. 
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Figure I. Voltage Thresholds lor Timing 
Measurements 



input, Output 



A 



2.4 V 



Output load = 1 TTL + 1 00 pF 



• 0.45 V 



Figure Z. Read Operation 



AO, CS, DACK 



RD 



D0-D7 



tAR 



INT 



• tRR- 



_High-Z _ 



X 



tRA 



tDF 



> 



tRI • 



Figure 3. Write Operation 



AO, CS, DACK 



tAW 



Do -D7 



X 



• tww ■ 



■ tDW 



tWA 



tWD 



X 
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Figure 4. DMA Operation 




Figures, RESET Waveform 




Figures. Device Read Operation 



RDATA y 






tRDD 




— tWRD ► \^ tRDw ^ 




WINDOW ^ 


: ) 


( 




twCY * 
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Figure 7. Seek Operation 



US0-US1 



K 



^US 



^SD 



^DST 



STEP 



JO. 



^STP ""^ 



^SU 



■ ^DS 
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7^ 



Figured FLTRand iNDEXmveforms 




Registers 

The inPD72067 contains three 8-bit registers for interfac- 
ing the main system —data, status, and auxiliary com- 
mand. Control signals CS, AO, RD, and WR select a 
particular register operation as shown in table 1. 

(1) The data register temporarily stores information 
(command, parameter, data, or result status) trans- 
ferred between the piPD72067 and the main system. 



(2) The status register (table 2) indicates the state of the 
mPD72067. The main system can read the status 
register contents at any time. 

(3) The auxiliary command register temporarily stores 
auxiliary commands given the /liPD72067. 

Tabiel. Register Seiection 





AO 


no 


WR 


operation 











1 


Read status register 








1 





Write auxiliary command register 





1 





1 


Read data register 





1 


1 





Write data register 


1 


X 


X 


X 


Not defined 



X = Don't care 
Notes: 

(1) Wlien tlie PACK input is active low, data register seiection is 
Independent of CS and AO. 

(2) Wlien both CS and AO are set to 0, a write of code otiier than 
auxiliary command code (WR » 0) is Inhibited. 
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Table 2, Status Register Contents __ 

Bit Name Symbol Description 

D7 Request for master RQM Indicates jnPD72067 is ready to transfer data to and from the main system. Operation 

depends on the DIO bit D6. 

When DIO = 0, the main system sends data to |aPD72067. When the main system writes 
data into ittPD72067, RQM Is set to 0; when iaPD72067 reads the data, RQIVI is set to 1. 

• C-phase, wait for command 

• Non-DMA write E-phase 

• SEEK type E-phase 

When DIO = 1, jttPD72067 sends data to the main system. When ittPD72067 places data In 
the data register, RQM is set to 1 ; when the main system reads the data, RQM Is set to 0. 

• R-phase 

• Non-DMA read E-phase (except for READ ID) 



D6 


Data input/output 


DIO 


Indicates the data transfer direction between the main system and ^PD72067. 
DIO Direction 

Main system to iaPD72067 

1 jttPD72067 to main system 


D5 


Non-DMA mode 


NDM 


Indicates data Is being transferred In non-DMA mode (E-phase). In C- or R-phase, bit D5 Is 
cleared. 


04 


/XPD72067 busy 


CB 


Indicates |ttPD72067 is In C-phase, R-phase, or read/write command E-phase. (In SEEK type 

E- phase, the CB bit D4 Is not set to 1.) 

When bit D4 Is set to 1, the next command Is not acknowledged. 


D3 


FD3 busy 


D3B 


Indicates that device 3 performs seek operation or that a seek operation termination 
interrupt is pending (E-phase). When bit D3 is set to 1 , a read/write type command must not 
be written. 


D2 


FD2 busy 


D2B 


Same as bit D3 for device 2. 


D1 


FD1 busy 


DIB 


Same as bit D3 for device 1 . 


DO 


FDO busy 


DOB 


Same as bit D3 for device 0. 



Digital Phase-Loclced Loop (DPLL) Figure a window Signal mveform 

From the external 32-MHz system clock, the DPLL 
generates a WINDOW signal and synchronizes it with 
the phase and frequency of read data from a disk drive. 

The frequency correction range and peak shift margin of 
the D PLL are affected by the data transfer rate (pin DR1 ). 

DR1 Range Margin 

±25% 81.5 

1 ±25% 88.6 

As shown in figure 9, read data is separated into data bits 
and clock bits by sampling with the WINDOW signal. The 
bits are centered in the window. If WINDOW is low for 
data bits, it is high for clock bits, and vice versa. 



WINDOW 
(either waveform) 



C D C D C D C 



a3SL-6034A 
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Data Shift Register 

In the read mode, the data shift register converts serial 
data into parallel form and outputs it to the 8-bit internal 
bus. In the write mode, the process is reversed and serial 
data is output to the CRC generator/checker and output 
mixer. 

Clock Sliift Register 

In the read mode, the clock shift register converts serial 
clock bits into parallel form and outputs them to the 8-bit 
internal bus. In the write mode, the clock shift register 
converts parallel clock bits from the internal bus into a 
serial stream and sends it to the output mixer. 

Cyclic Redundancy Checic (CRC) 

The CRC generator/checker operates with the polyno- 
mial xi6 + xi2 + x5 + 1. In the read mode, the CRC of 
read data is calculated and compared with the CRC byte 
added following sector ID information and data. A mis- 
match produces an error indication. 

In the write mode, CRC is calculated and two CRC bytes 
are added following ID information and data. 

Precompensatlon 

Because of the magnetic chracteristics of the media, 
read data is shifted from data write timing. Because the 
shift can be predicted according to the data pattern, it 
can be compensated by preshifting write data in the 
opposite direction. 

Preshifting is used only for MFM mode, which has a data 
window half the width of the window in FM mode. The 
precompensation value (shift) is determined in the exter- 
nal mode by the input signals to pins PCSO and PCS 1 , or 
in the internal mode by bits PSO and PS1 of the CON- 
TROL INTERNAL MODE command. See table 3. 



Table 3. Precompensation VSailues 



DR1 


PCS1 


peso 


Shift 











0.0 








1 


125.0 





1 





187.0 





1 


1 


250.0 


1 








0.0 


1 





1 


208.3 


1 


1 





312.5 


1 


1 


1 


416.7 



System Clocks 

The system clock frequencies depend on the type of VFO 
and the type of floppy-disk. See table 4. 



Table 4, System Clocks 



VFO 


Floppy-Disk 


CloclcXA 


CloclcXB 


Internal 


Standard or mini 


32iVIHz 






High-density 


32 MHz 


19.2 MHz 


External 


Standard or mini 


16IVIHZ 






High-density 


16 MHz 


19.2 MHz 



If a 32- or 16-MHz system clock is required, connect a 
quartz crystal resonator to pins XA1 and XA2, or connect 
an external clock signal to pin XA1 and leave XA2 open. 

If a 19.2-MHz system clock is required, connect a quartz 
crystal resonator to pins XB1 and XB2, or connect an 
external clock signal to pin XB1 and leave XB2 open. 

Internal Clocks 

From the system clock, the /[aPD72067 generates the five 
internal clocks listed belov\^. 

(1) Internal system clock: controls internal operations 
and determines the data transfer rate. 

(2) Write clock: frequency is twice the data transfer rate. 

(3) DPLL clock: based on the 32-MHz system clock; 
source of the WINDOW signal. 

(4) Precompensation clock 

(5) 71065/66 clock: required if AiPD71065 or ;iPD71066 is 
the external VFO. 

Clock Selection 

The system clock— 32 or 16 MHz at the XA Input or 19.2 
MHz at the XB input— Is selected by the state of the DR1 
pin in external mode or the DR1 bit of the CONTROL 
INTERNAL MODE command In the internal mode. 

For the selected system clock, the generated internal 
clock frequencies (table 6) are specified according to 
mode as follows. 

(1) External mode: state of DRO pin and command MFM 
bit. 

(2) Internal mode: state of DRO bit of CONTROL INTER- 
NAL MODE command and MFM command bit. 

When jiiPD71065 or aaPD71066 is used as external VFO, 
the clock selected by the DR1 pin is output from the 
CLKOUT pin as the 71065/66 operation clock. 
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Tables. Conirol Signals andlnternal Clocks 



internal Clocks 











Data Transfer 


System 


Write 


DPLL 






System Clock 


DR1 


DRO 


MFM Bit 


Rate (kb/s) 


(i\/IHz) 


(kHz) 


(ly/IHz) 


Precomp 


71065/66 


32 MHz (Note 1) or 16 MHz (Note 2) 











125 


4 


250 


8 


16 MHz 


16 MHz 










1 


250 


4 


500 


16 











1 





250 


8 


500 


16 











1 


1 


500 


8 


1 MHz 


32 






19.2 MHz 


1 








75 


2.4 


150 


4.8 


9.6 MHz 


19.2 MHz 




1 





1 


150 


2.4 


300 


9.6 








1 


1 





150 


4.8 


300 


9.6 








1 


1 


1 


300 


4.8 


600 


19.2 







Notes: 

(1) Internal VFO; internal mode with EXT = 0, or external mode. 

(2) External VFO; Internal mode with EXT = 1. 



Figure 10, Track Formats 



IBM Format 



Gap4a 


SYNC 


lAM 


Gap1 


SYNC 


IDAM 


C 


H 


R 


N 


CRC 


Gap2 


SYNC 


DAM (DDAM) 


Data 


CRC 


Gap3 


Gap4b 


•FF 
X40 


•00' 
x6 


•FC 
x1 


•FF 
x26 


•00^ 
X6 


•FB 

X1 


x1 


x1 


X1 


XI 


x2 


'FF 
X1 1 


•00' 
x6 


•FB" 
CFB") 

X1 




x2 






•4F 
x80 


•00^ 
x12 


'C2' 
x3 


•FC 
X1 


•4E^ 
x50 


•00^ 
x12 


•A1' 
x3 


•FE^ 

X1 


XI 


Xl 


X1 


X1 


x2 


•4E^ 
x22 


•00^ 
x12 


•A1' 
x3 


•FB' 
(•FB-) 

X1 




x2 








Repeat N times P" 





ECMA/ISO Format 





Gapl 






FM 


•FF 








x16 


The sector format is the same as the IBM format. 


# 


MFM 


'FF 








x32 







# One sector can be added depending on sector configuration 



Missing clock part of address mark 



AM 


FM 


MFM 


Data 


Clock 


Data Clock 


lAM 


FC 


D7 


C2 14 


IDAM 


FF 


C7 


A1 OA 


DAM 


FB 


C7 


A1 OA 


DDAM 


F8 


C7 


A1 OA 



C Cylinder number (0 thru 76) lAM index Address Mark 

H Head address (0 or 1) IDAM ID Address Mark 

R Record section number DAM Data Address Mark 

N Number of sectors DDAM Deleted Address Mark 

CRC Cyclic Redundancy Check User programmable 
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Format 

The track format (IBM or ECMA/ISO) is specified by the 
FMT bit of the SELECT FORIVIAT command in internal 
mode or by the input signal to the FMT pin in external 
mode. See figure 10. 

Commands 

Table 6 describes the 15 commands and 8 auxiliary 
commands of the iLiPD72067. 

System Bus Interface 

Figure 11 is a reference circuit diagram of the interface 
between the iLiPD72067 and a system bus for data trans- 
fer in the DMA mode. The DMA controller is ^PD71071 . To 
prevent I/O port misselection during the DMA cycle, the 
Address Enable (AEN) output of inPD71071 inhibits other 
I/O ports. 

Floppy-Disk Drive Interface 

Figure 12 is a reference circuit diagram of the interface 
between a floppy-disk drive and the ^iPD72067 when the 
VFO is internal. 

Figure 13 Is a reference circuit diagram of the interface 
between a floppy-disk drive and the iiiPD72067 when the 
external VFO iSiiPD71065 or /iPD71066. Special signal 
functions for this application are described below. 

MFM Recording system change signal 

SYNC Read enable/inhibit 

CLKOUT System clock to operate ^PD71065/66 

DRQ Lock internal VFO (DPLL) 

USO, US1 Drive select decoded by 74139 

RW/SEEK Select signal for demultiplexer (NAND 
gates) and multiplexer(LSl57) 



Table 6L List of Commands 



Command Name 



Function 



Read Commands 



READ DATA 



READ DELETED DATA 



Specifies a sector and transfers its data 
to the host. 



READ ID 



Reads a sector ID. 



READ DIAGNOSTIC 



Checks the track format. 



SCAN EQUAL 



SCAN LOW OR EQUAL 
SCAN HIGH OR EQUAL 



Compares each sector data with host 
data and detects a sector that satisfies 
the set condition. 



Write Camnands 



WRITE DATA 



WRITE DELETED DATA 



specifies a sector and transfers its data 
to the host. 



WRITE ID 



Writes the format of a track. 



Seek Commands 



RECALIBRATE 



Moves the read/write head to the outer- 
most track (track 0). 



SEEK 



IVIoves the read/write head to the 
specified cylinder. 



Sense Commands 



SENSE INTERRUPT 
STATUS 



Reads the interrupt factor (seek end/ 
state change) in the ittPD72067. 



SENSE DEVICE STATUS Reads the FDD status. 



Initialize Command 



SPECIFY 



Defines a jnPD72067 operation mode. 



Auxiliary Commands 



SET STANDBY 



Drives the jiiPD72067 in the standby 
status. 



RESET STANDBY 



Releases the jttPD72067 from the standby 
status. 



SOFTWARE RESET 



Initializes the jttPD72067. 



ENABLE EXTERNAL 
MODE 



Sets the juPD72067 In External Mode. 



CONTROL INTERNAL 
MODE 



Sets the jaPD72067 in Internal Mode and 
sets both data transmission rate and 
precompensation value. 



ENABLE MOTORS 



Controls On/Off of the spindle motor. 



SELECT FORMAT 



Selects either IBM or ECMA/ISO format. 



START CLOCK 



Starts the clock generator operation. 
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Flgunll, inPD72mT to System Bus Interface 



ABa- 



rABi5 <^ 



DBo-DB7 [ 



AB0-AB7 c 



RESET - 

low ■ 

iOR - 



AB16-AB23/ A- 
DB8-DB15 V" 



MEMW - 
MEMR ' 



lODIS - 
HOLD ' 
HLDA - 
TTL02 - 



^PD72067 





fiPD71082 




8-Bit Latch 


A 


DOo- Dlo- 






DO7 DI7 




OE STB 



1 1 



32 MHz : 
[16 MHz] ' 



19.2 MHz I 



7? 



Decoder 




m 

XA1 

XA2 
XB1 

XB2 
D0-D7 

cs 



AO 
RD 
WR 



|aPD71071 
DMA Controller 



DMAAK2 
DMARQ2 

RESET 

lOWR 

lORD 

CS 

ASTB 

A8-A15/D0-D7 
A0-A7 

A16-A23/D8-D15 

MWR 
MRD 



AEN 
HLDRQ 
HLDAK 
CLK 
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Figure 12, fiPD720a7 to FDD Interface 1 



^PD72067 



HDLD 



LCT/DIR 



FLTR/STEP 
RW/SEEK 



FLT/TRKO 

INDEX 
READY 
USO 

US1 



EXT 



4>- 



-o- 



LS157 



P 



S 1A 

1Y IB 

2Y 2A 

G 2B 



74139 



A YO 
B Y1 
G Y2 



-4- 



FDD Interface 



SIDE SELECT 



WRITE ENABLE 



DIRECTION SELECT 



STEP 



LOW CURRENT 



FAULT RESET 



WRITE PROTECT 



READY 



DRIVE SELECT 



DRIVE SELECT 1 



DRIVE SELECT 2 



DRIVE SELECT 3 



WRITE DATA 
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Figure 13. fiPD72067 to FDD Interface 2 



|iPD72067 



HOLD 
SIDE 

WE 
LCT/DIR 

FLTR/STEP 
RW/SEEK 



WPRT/2SIDE 



INDEX 
READY 
USO 

US1 



WINDOW 
MFM 
SYNC 

DRQ 
CLKOUT 
WDATA 



EXT 



-0- 



1Y 1B 



74139 



A YO 
B Y1 
G Y2 
Y3 



-4- 
-4- 



H.PD7l065/fiPD71066 



RCLK 
MFM/FM 

RGATE SYNC 



RDOUT 

RDIN 
X2 X4 



-4- 



FDD Interface 



SIDE SELECT 



WRITE ENABLE 



DIRECTION SELECT 



LOW CURRENT 



FAULT RESET 



WRITE PROTECT 



READY 



DRIVE SELECT 



DRIVE SELECT 1 



DRIVE SELECT 2 



DRIVE SELECT 3 



READ DATA 



WRITE DATA 
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Description 

The /APD72068 FDC is one of NEC's integrated solutions 
for today's floppy-disk controller designs. An outgrowth 
of the /LiPD765A— long established as the industry stan- 
dard for floppy-disk contol— the ^aPD72068 maintains 
complete microcode compatibility and contains the lat- 
est enhancements required for multitasking applica- 
tions. Additionally, the fiPD72068 integrates the stan- 
dard host-interface registers used in IBM PC, PC/XT, 
PC/AT, and PS/2® designs. 

The /[aPD72068 incorporates a high-performance digital 
PLLthat is impervious to harmonic lock-on, a character- 
istic of analog counterparts. Being digital, the PLL re- 
quires no adjustments and supports all standard data 
rates as well as 600 kb/s. 

The ;iPD72068 has on-chip clock generation, selectable 
write precompensation, and all the circuitry necessary 
for interfacing directly to four floppy-disk drives. 

IBM PC, PC/XT, PC/AT, and PS/2 are registered trademarks of Inter- 
national Business Machines Corp. 



Features 

□ Software compatible with /xPD765A/765B, /[iPD7265, 
inPD72065/65B, ^PD72066, and iaPD72067 

□ Compatible with V-Series data/control bus and other 
standard 8/16-bit CPUs 

□ IBM and ECMA/ISO formats 

□ Data transfer rate: 600, 500, 300, 250, 150 kb/s 
° High-performance, on-chip digital PLL 

° Two system clock generators 

° Programmable stepping speed 

D Write-compensate circuit (programmable preshift) 

° FDD interface 

— High-current drivers (24-mA sink) 

— Schmitt receivers 

° Direct control of four FDDs 

— Spindle motor control 

— Unit select control 

° Three selectable modes support: 

— PC, PC/XT PC/AT PS/2 registers 

— Internal operating mode selection 

— External operating mode selection 



Ordering Information 



Part Number 


Package 


^iPD72068GF-3B9 


80 -pin plastic miniflat 


iaPD72068L 


84-pin PLCC (plastic leaded chip carrier) 



50076 
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Pin Configurations 



aO'Ptn Plastic Miniflat 







EADY 


DATA 


rPRT 




LU 


s 


DATA 




CM 

Q 






i 


S 


i 
















a: 


q: 








z 






z 






LU 


z 


LU 


UJ 


















* 


* 






* 


* 


CD 






* 


a 


* 


* 














n 


n 


n 


n 


n 


n 


n 


n 


n 


n 


n 


n 


n 


n 


n 






















fe 




it 












CO 


(O 












**2 SIDE 


C 






























64 


□ 


GND2 




NC 


E 


2 






























63 




**EM3 




**FLT 


C 


3 






























62 




DSO 




*SIDE 


C 


4 






























61 


□ 


GND2 




GND2 


C 


5 






























60 


□ 


*DS1 




**FLTR 


C 


6 






























59 




**DS2 




**HDLD 


E 


7 






























58 




GND2 




GND2 


E 


8 






























57 


□ 


**DS3 




NC 


E 


9 






























56 




*DEN1 




**LCT 


E 


10 






























55 


□ 


GND2 






E 


11 






























54 


□ 


^ DENO 




Vdd 


E 


12 






























53 




GND1 




**ENPCS 


E 


13 






























52 


□ 


XB2 




ACTL 


i_ 


14 






























O 1 


-J 


XB1 




tlMnW 


L 


15 






























ou 


J 


GNDI 




RSEL 


E 


16 






























49 


□ 


XA2 




MSEL 


E 


17 






























48 




XA1 




RESET 


E 


18 






























47 


] 


GNDI 




RD 


E 


19 






























46 




PCS1 




WR 


E 


20 






























45 




peso 




CS 


E 


21 






























44 


1 


^INDEX 




AO 


E 


22 






























43 


1 


NC 




NC 


E 


23 






























42 


1 


NC 




GND1 


E 


24 
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□ 
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* Active level is 


variable. 






























Connect GND 


and GND2 to 


ground with the shortes 


possible wiring. 
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a4-PlnPLCC 



3 o 



a o z o a 



► INDEX 

peso 

PCS1 
GND1 
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GND1 
NC 
XB1 
XB2 
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GND2 
•DEN1 
DS3 
GND2 
*DS2 
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* Active level Is variable. 
Connect GNDI and GND2 to ground with the shortest possible wiring. 
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Pin Identification 



Symbol 


I/O 


Signal Function 


AO 


In 


Address 0. Selects jaPD72068 registers. 
AO Registers 

Status, auxiliary command, digital out 

1 Data control 


ACTL 


In 


Active Level. Sets active level of drive interface 
signal. 

ACTL Active Level 

High 

1 Low 




in 


Chip Select. Validates RD and WR signals when 
MSEL = 0. In Register mode (MSEL = 1), C5 may 
be used as address line 1 in a typical PC system. 


Do-Dy 


I/O 


Data Bus. Bidirectional, three-state data bus. 


DENO, 
DEN1 (*) 


Out Density. Specifies preset data transfer rate; can be 
used for FDD data transfer rate control. See table 1 . 


DIR (*) 


Out Direction. Specifies the seel< direction. 
DIR Seel< Direction 

Centrifugal 

1 Centripetal 


DMAAK 


In 


DMA Acknowledge. Enables DMA cycle. 


DMARQ 


Out DMA Request. Requests data transfer in DIVIA mode. 


DRO, DR1 


In 


Data Rate. Sets data transfer rate in external niode. 
For internal mode, pull these pins low with high-value 
resistors. 


DS0-DS3 
(*) 


Out Drive Select. Selects up to four FDDs. 


EM0-EM3 

r) 


Out Enable Motor. Controls spindle motor on/off; also can 
be used as a general>purpose output port. 


ENPCS 
(*) 


In 


Enable Precompensation. 
ACTL ENPCS Preshift Value 
ns 

1 Assigned by mode 

1 Assigned by mode 
1 1 ns 

If the preshift amount is to be varied according to the 
number of cylinders, the appropriate control signal is 
input on ENPCS. When applying preshifting to 
cylinders 43 and above, variable control can be 
performed automatically by connecting the ENPCS 
and LCT pins. 


ENRW 


In 


Enable Read Write. Validate RD and WR signals when 
MSEL = 1. When MSEL = 0, this signal Is 
meaningless. 


FLT (*) 


In 


Fault. Indicates FDD is faulty 


FLTR (*) 


Out Fault Reset. Releases FDD from fault state. 


FMT 


In 


Format. Selects format In external mode. 
FMT Format 

IBM 

1 ECMA 



For internal mode, pull this pin low with a high-value 
resistor. 



Symbol 


I/O 


Signal Function 


HDLD (*) 


Out 


Head Load. Causes the drive head to contact the 
diskette. 


INDEX (*) 


In 


Indicates drive head is positioned at physical start 
point of track on the medium. 


INT 


Out Interrupt Request. Requests main system to process 
transferred data and execution results. 


LCT (*) 


Out 


Low Current. Indicates drive head has selected a 
cylinder after the 43rd. 


MSEL 


In 


Mode Select. Validates IBM-PC register and on-chip 
peripheral circuits. 


peso, 

PCS1 


In 


Precompensation. Selects the preshift amount in 
external or register mode. 

For internal mode, pull these pins low with high-value 
resistors. 


RD 


In 


Read. This control signal causes the main system to 
read data from the |liPD72068 to the data bus. 


RDATA (*) 


In 


Read data (consists of clock and data bits) from FDD. 


READY (*) 


In 


Indicates FDD is ready. 


RESET 


In 


Sets jaPD72068 to idle state. FDD interface outputs 



except for WDATA (undefined) are: 
ACTL Output 

All low 

1 All high 

For the main system, INT and DMARQ are set to low 
and Dq'Dj are set for input. 

When MSEL = 0, jttPD72068 enters external mode 
directly after a reset. 

RSEL In Register Select. When MSEL = 1, used with U§ and 
AO to select registers for IBM-PC (digital out register 
and control register). Invalid when MSEL = 

SIDE (*) Out Side Select. Selects double-sided drive head. 



ACTL 


SIDE 


Drive Head 


(Active high) 





Head 





1 


Head 1 


1 (Active low) 





Head 1 


1 


1 


Heard 



STEP (*) 


Out Generates seek pulses. 


TC 


In Terminal Count. Terminates data transfer. 


TRKO (*) 


In Indicates drive head is positioned at cylinder 0. 


WDATA (*) 


Out Write data (clock and data bits) to FDD. 


WE (*) 


Out Requests FDD to write data. 


WPRT (*) 


In Indicates medium Is write-protected. 


WR 


In Write. Control signal that allows the main system to 
write data bus data into juPD72068. 
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Pin Identification (cont) 

Symbol I/O Signal Function 

XA1 , XA2 In Crystal A. For internal oscillator frequency control, a 
crystal resonator Is connected to XA1 and XA2. For 
external clock Input at XA1, XA2 Is open. 

Frequency = 32 MHz 

To support only 500/250 kb/s data rates, crystal B is 
not necessary; connect XA2 to XB1. 

XB1 , XB2 In Crystal B. For internal oscillator frequency control, a 
crystal resonator is connected to XB1 and XB2. For 
external clock input at XB1, XB2 Is open. 

Frequency Data Rate 
38.4 MHz 600 kb/s 
19.2 MHz All other rates 



To support only 500/250 kb/s data rates, crystal B is 
not necessary; connect XA2 to XB1 . 



2SIDE (*) In 


Indicates a mediunn with two usable sides has been 




loaded into the FDD. 


NO 


No Connection. 


GND1 - 


Digital system ground. 


GND2 - 


Buffer system ground. 


Vdd In 


+5-volt power supply 


(*) Active high when ACTL = 0; active low when ACTL = 1. 


Pin Reset Status 


Pin 


Reset Status 


D0-D7 


Input 


DMARQ, INT 


Low 


WDATA 


Undefined 


DIR, DS0-DS3, 


Low when ACTL =0; high when ACTL= 1. 


EM0-EM3, FLTR, 




HOLD, LOT, 




SIDE, STEP, WE 




DENO, DEN1 


Output depends on the preset data transfer 




rates. Value set when ACTL = Is inverted 




when ACTL = 1 , and vice versa. 


Other pins 



Table I. Data Transfer Rate Settings 



Input Pins MFM Data Output Pins 

Transfer 

Mode DR1 DRO D1 DO Rate (kb/s) DEN1 DENO 



Internal/ 
external 
(Note 1) 













250 


1 








1 






500 


1 


1 


1 









150 (300) 


1 





1 


1 






300 (600) 











X 








500 


1 


1 





X 





1 


250 


1 








X 


1 





250 


1 








X 


1 


1 


150 (300) 


1 





1 


X 








500 


1 


1 


1 


X 





1 


300 (600) 








1 


X 


1 





250 


1 





1 


X 


1 


1 


150 (300) 


1 






Notes: 

(1) In internal mode, DR1 and DRO are bits of the CONTROL 
INTERNAL MODE command. In external mode, DR1 and DRO are 
Input pins. 

(2) In register mode, DRO input pin status is "Don't Care" (x). 

(3) Data transfer rates in parentheses are with a 38.4-MHz crystal 
resonator connected to pins XB1 and XB2 or a 38.4-MHz clock 
connected to pin XB1 . 

(4) Data transfer rates are for MFM mode. In FM mode, these rates 
are halved. 

(5) DEN1 and DNO values are when ACTL = 1 (active low). When 
ACTL = (active high), values are Inverted. 

Operation Modes 

Since /liPD72068 has been developed from /iPD72067, 
the external and internal modes available for jaPD72067 
are also available for /nPD72068 (exept the external VFO 
mode). In addition, the register mode is available for 
;iPD72068. The register mode is used to operate the 
IBM-PC registers and special-purpose circuits of 
^PD72068. Procedures for setting the data transfer rate, 
precompensation amount, etc., vary depending on the 
modes. The differences in the procedures are shown in 
table 2. 
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Table 2L Operation M/Mes 



Mode 


MSEL 
Pin 


Command 


Data Transfer 
Rate Setting 


Drive Select 


Precompensation 
Amount Setting 


Format 
Ctiange 


IMotor On/Off 
Control 


Register 
mode 


1 


None 


DO and D1 bits and 
DR1 pin of control 
register 


Digital out 
register 


peso, PCS1, and 
DR1 pins 


FMT pin 


Digital out register 


Internal 
mode 





Notel 


CONTROL INTERNAL 

MODE 

command 


US1 and USO 
bits in the 
command 


CONTROL 
INTERNAL MODE 
command 


SELECT 
FORMAT 
command 


ENABLE MOTORS 
command 


External 
mode 





Note 2 


DR1 and DRO pins 




PCS1, peso, and 
DR1 pins 


FMT pin 





Notes: 



(1) CONTROL INTERNAL MODE command 

(2) ENABLE EXTERNAL MODE command 
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jyiPD72068 Block Diagram 




RESET 



f7> 



'0-D7 <iLb:> 



AO ■ 
CS - 
RD ■ 
WR ■ 
TC - 
DMARQ ■ 
DMAAK - 
ENRW - 
MSEL - 
RSEL - 
INT - 



RDATA 



I I Block upgraded or added to 
' ' original HPD765/72065 



) Internal signal 



Reset 
Control 



Control 
Register 



• Digital Oat 
Register 



Data Bus 
Buffer 



Status 



Multiplexer 



System 
Interface 
Control 



Data 



o 



^ Auxi|ja»y 



Command 
Registers 

and 
Timers 



Drive 
Interface 
Control 



Input 
Port 



Output 
Port 



- READY 
-WPRT 
-2SIDE 

- INDEX 
-FLT 
-TRKO 

- ACTL 

-DSO 

-HDLD 

-LCT 

►FLTR 

■-SIDE 

►STEP 

►DIR 

-DENO 



— < ' From Digital 

Out Register 



(SYNC) 



Digital 
Phase-Locked 
Loop 



(RDATA) 



(WINDOW) 



\7 



Motor 
Control 



-EMO 
-EM1 
>EM2 
-EM3 



Data 
Separation 
and 
Serial 
Interface 
Circuitry 



■ FMT 
- WE 



- (SYNC) 
• (WCLK) 



Precomp 
Control 



-WDATA 
-ENPCS 

-peso 

-PCS1 
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Absolute Maximum Ratings 

Ta = +25''C 




Capacitance 

Ta = +25<'C; Vdd = 


V; f = 1 MHz 








Supply voltage, Vqd 


-0.5 to +7.0 V 


Parameter 


Symbol Min 


Max 


Unit 


Conditions 


Voltage on any pin (except Vdd) 


-0.5 to +7 V 


Clock capacitance 


C0 


20 


PF 


Unmeasured 


Operating temperature, Tqpt 


-10 to +70°C 


Input capacitance 




20 


PF 


pins returned 
too V. 


Storage temperature, Tstg 


-65 to 150°C 


Output capacitance 


COUT 


20 


pF 



Oscillator Specifications 

Ta = -10 to +70**C; Vdd = +5 V ±10%; see figures 1, 2, and 3. 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Crystal Resonator Source 


Oscillator stabilization time (Note 1) 


tKS 






10 


ms 




External Clock, tXrect Input 


Low-level input voltage 


V|L 


-0.5 




0.2 Vdd 


V 


PinsXA1,XB1 


High-level input voltage 


V|H 


0.8 Vdd 




Vdd + 0.5 


V 




Clock cycle 






31.25 




ns 


PinXAl 




tCYB 




52.08 




ns 


19.2-IVIHz clock input to pin XB1 








26.04 




ns 


38.4-MHz clock input to pin XB1 


Permissible clock cycle error from typical value 
(Note 2) 








±0.5 


% 


PinsXAI.XBI 


Clock high-level width 


*KKH 


7.0 






ns 


Pin XA1 






15.0 






ns 


PinXBI; ttjYB = 62.08 ns 






6.0 






ns 


PinXBI; tovB = 26.04 ns 


Clock low-level width 


tKKL 


7.0 






ns 


PinXAl 






15.0 






ns 


PinXBI; ttjYO = 52.08 ns 






6.0 






ns 


Pin XB1; tcYS = 26.04 ns 


Clock rise time 


*KR 






5.0 


ns 




Clock fall time 


tKF 






5.0 


ns 




External Clock, Capacitor-Coupled Input 


Clock input amplitude 


Vkp-p 


2.0 




Vdd 


V 


PinsXA1,XB1 


Clock cycle 






31.25 




ns 


Pin XA1 




tCYB 




52.08 




ns 


19.2-MHz clock input to pin XB1 








26.04 




ns 


38.4-MHz clock input to pin XB1 


Permissible clock cycle error from typical value 
(Note 2) 








±0.5 


% 


Pin8XA1,XB1 


Duty cycle, high-level 




40 




60 


% 





Notes: 

(1) Oscillator stabilization time should also be taken as the wait time 
between the Issuance of START CLOCK and RESET STANDBY 
commands. 

(2) Clock cycle error affects DPLL performance. 
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Figure 1. Recommended External Clock Circuits Figure 2. External Clock Waveform 



A. Crystal Resonator Source 



XA1 

XA2 
|iPD72068 

XB1 

XB2 



C1 



^0 






HI 1 




C2 < 





HI— ^ 








C1 


3— 


HI — ] 


en 


C2 < 


:s— 


II 



Frequency 


*Part No. 


CI, C2 


32 MHz 

(pinsXAl, XA2) 


32 MHz EFD Type 


15 pF ±20% 


TQC-254A-6R 


lOpF ±20% 


TQC-254A-8R 


19.2 MHz 
(pinsXBI, XB2) 


TQC-253A-6R 


16pF ±20% 


TQC-253A-8R 



* Toyo Communication Equipment Co., Ltd. 

B. External Clock, Direct Input 



XA1 

XA2 
^PD72068 

XB1 

XB2 




Clock 






Clock 









C. External Clock, Capacitor-Coupled 




Clock 



Notes: 

(1 ) Oscillator circuit should be as close as possible to 
pins XA1 , XA2, XB1 , and XB2. 

(2) No otiier signal lines should pass through shaded box. 

(3) CI and C2 = 1 1 to 1 0,000 pf . 



Direct Input 



-tKR 

- tKKH ■ 




tCYA, tCYB - 



Capacitor Input 

tCYA, tCYB 




tKKH ■ 



tKKL- 



Figure 3, Voltage Thresholds for Timing 
Measurements 



Schmitt trigger input 



XA1,XA2, XB1,XB2 



3S 



2.2 V 
).8V 



0.8VDD 
0.45 V 



2.2 V 

A -8 V 



2.2V 

P i 0.8V 



Other pins 
Output load = 1 TTL + 100 pF 





jfN — 0. 



0.9VDD 
1VDD 



0.45 V 
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DC Characteristics 

Ta = -10 to +70°C; Vdd = +5 V ±10% 



Parameter 


Symbol 


Pin Groups 


Min 


Max 


Unit 


Conditions 


Low-level input voltage 


V|L 


2 


-0.5 


0.8 


V 






V|L1 


1 


-0.5 


0.2 Vdd 


V 




High-level input voltage 


VlH 


2 


2.2 


Vdd + 0.5 


V 






V,H1 


1 


0.8 Vdd 


Vdd + 0.5 


V 




Low-level output voltage 


Vol 


4,5 




0.45 


V 


lOL = 2.0 mA 




VOLI 


3 




0.45 


V 


Iql - 24.0 mA 


High-level output voltage 


VOH 


4,5 


0.7 Vdd 


Vdd 


V 


IOH = -200|ttA 


Low-level Input leakage current 


Ilil 


1,2 




-10 


fxA 


V|N = OV 


High-level input leakage current 


'lih 


1, 2 




-1-10 


mA 


V|N = Vdd 


Low-level output leakage current 


'lol 


4, 5 




-10 


liiA 


VouT = +0.45 V 




'loli 


3 




-100 






High-level output leakage current 


•loh 


4,5 




+ 10 


mA 


Vqut = Vdd 




'lohi 


3 




-f-100 






Vdd supply current 


'dd 






60 


mA 


Note 1 


Standby current 


'ddi 






100 




Note 2 



Notes: Pin Groups: 

(1) When a 32-MHz crystal is connected to XA1-XA2 and a 19.2-MHz (1) Schmltt-trlgger Inputs: ENPGS, FLT, INDEX, RDATA, READY, 
crystal is connected to XB1-XB2. TRKD, WPRT, 2SIDE. 

(2) When an external clock is supplied, the clock should be fixed low (2) Non-Schmitt-trigger inputs and D0-D7; excludes XA1, XA2, XB1, 
during standby. XB2. 



(3) Drive-side outputs when ACTL «1 (active-low mode): DENO- 
DEN1, DIR. DS0-DS3, EM0-EM3, FLTR, HDLD, LOT, SIDE. STEP. 
WDATA. WE. 

(4) Drive-side outputs when ACTL » (active-high mode): Same 
pins as group 3. 

(5) Other than drive-side outputs; also D0-D7, 
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AC Characteristics 1; 500 kb/s 

Ta = -10 to +70°C; Vdd = +5 V ±10%; 

MFM data transfer rate = 500 kb/s; tcvA = 31.25 ns (32 MHz at XA1 pin) 



Parameter 


Figure 


Symbol 


Min Typ 


Max 


Unit 


Conditions 


Main System Side 


AO, Uo, UMAAK., cNHW SStUp time tO RU 


4 


^AR 







ns 


ror cNRW wnen MobL — i 


AO, Uo, uiviAAK, cNHW noicJ time trom RD 


4 


tRA 







ns 




RD pulse width 


4 


*RR 


200 




ns 




Data access time from RD i 


4 


*RD 




140 


ns 




Data float delay time from RD t 


4 


*DF 


10 


OR 


ns 




IN 1 delay time from ru t 


4 


*RI 




400 


ns 


Note 1 


An A<S r\kilAAI^ CKIDHAI DCCI ^1^*, \A/D 

AO, Co, DMAAK, cNRW, RocL setup time tO WR 


5 


^AW 







ns 


For cNRW and RocL when MocL = i 


AO, Uo, uiviAAiv, tiNnw, RocL noia time irom 
Wr 


5 


tWA 







ns 




WR pulse width 


5 




200 




ns 




Data setup time to WR 


5 


tow 


100 




ns 




Data hold time from WR 


5 


twD 







ns 




INT delay time from WR t 


5 






400 


ns 


Note 1 


DMARQ cycle time 


6 


*MCY 


13 




JttS 


*CYA = 3"' -25 ns 


DMAAK i response time from DMARQ T 


6 


^MA 


200 




ns 




DMARQ delay time from DMAAK i 


6 


^AM 




140 


ns 




DMAAK pulse width 


6 


Ua 


8.5 




tCYA 




RD i response time from DMARQ t 


6 


^MR 


125 




ns 


tCYA = 31.25 ns 


WR I response time from DMARQ T 


6 


^MW 


250 




ns 




Wri/Ru response time trom dmaru t 


6 


tMRW 




12 


ittS 




TC pulse width 


6 


^TC 


60 




ns 




RESET pulse width for 


7 


^RST 


60 




^CYA 


During normal operation 


crystal resonator connection 






10 




ms 


On power-on 








10 




ms 


After standby release 


RESET pulse width for 


7 


tRST 


60 




tCYA 


During normal operation 


external clock input 






2 




ms 


On power-on 








60 




tCYA 


After standby release 


Clock hold time on standby 


8 




128 




*CYA 


When external clock is input to XA1 pin 


Clock setup time after standby release 


8 


tew 


64 




tCYA 




START CLOCK command write setup time to 
RESET STANDBY command write 


8 


tws 


64 




tCYA 




INT response time from DMARQ i 


9 


^Ml 


240 


308 


tCYA 




DMAAK signal invalid from INT T 


9 


t|A 




4 


tCYA 
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AC Characteristics 1 ; 500 kb/s (cont) 



Parameter 


Figure 


Symbol 


Min 


Typ 


Max Unit 


Conditions 


Drive Side 


RDATA high-level width 


10 


*RDD 


40 




ns 




WDATA high-level width 


10 


tWDD 




250 


ns 




DS0-DS3 setup time to DIR (Note 4) 




^DSD 


12 




HB 


tcYA = 31.25 ns; Note 2 


DIR setup time to STEP 




^DST 


1 




fXS 




DS0-DS3 hold time from STEP (Note 4) 




*STU 


5 




las 




STEP high-level width 




tSTP 


6 


7 


8 jus 




DS0-DS3 hold time from DIR (Notes 3, 4) 




tpDS 


15 




flS 




DIR hold time from STEP 




*STD 


24 




jas 




STEP cycle time 




tsc 


33 




jas 




FLTR high-level width 


12 


tpR 


8 




10 jus 




INDEX high-level width 


12 


t|DX 


16 




*CYA 





Notes: 

(1) For data transfer in non-DIVIA mode. 

(2) The minimum value for drive-side parameters is 50 ns less 
than the value expressed in fxs. For example, 12 jus is actually 
1 1.950 jttS. 

(3) While the unit under test is performing a seek operation, the 
SENSE DEVICE STATUS command is being executed for the 
other devices. 

(4) Except in register mode. 

(5) See figure 3 for timing measurement voltage thresholds. 
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AC Characteristics 2; 250 kb/s 

Ta = -10 to +70°C; Vdd = +5 V ±10%; 

MFM data transfer rate = 250 kb/s; tcvA = 31.25 ns (32 MHz at XA1 pin) 



Parameter 


Figure 


Symbol 


Min Typ 


Max 


Unit 


Conditions 


Main System Side 


An HMAAK FNRWV Qfituo time to RD 


4 


'AR 


Q 






For FNRWwhen MSFL = 1 

1 V/l t. MriVV Wl lOI 1 IVIOt»l>B "~ 1 


An DMAAK FNFAA/ hnlH tiiriA from RD 

rWJt WOi L^IVIrVMX) dNriVV llUlU lllilO II will r\lJ 




tr, » 

IRA 


Q 








RD pulse width 


4 


*RR 


200 




ns 




UCkllH Cl^UOOd lllilO II will iiLJ 


4 


^RD 




140 






Daifi f Inflt HaIav/ timA from RH T 
L/ciici iivcii uoiay iiiiio iiuiii rxu i 


4 


^DF 


10 


85 






IMT HaIax/ timA from Rr^ ^ 

ilNI UOICiy lllllD llUill riL^ 1 


4 


tni 
*RI 




400 




Note 1 


AO dfi DMAAK ENFW RSFL setuo time to WR 


5 


*AW 









For ENRW and RSEL when MSEL s i 


An C9i DMAAK EtSlRVi/ RSEL hold time from 

Wr 


5 


*WA 







ns 




WR pulse width 


5 


tww 


200 




ns 




Data setup time to WR 


5 




100 




ns 




Data hold time from WR 


5 


tyVD 







ns 




INT delay time from WR t 


5 


*WI 




400 


ns 


Note 1 


DMARQ cycle time 


6 


*MCY 


26 




jUS 


tcYA = 31-25 ns 


DMAAK i response time from DMARQ T 


6 


^MA 


400 




ns 




DMARQ delay time from DMAAK i 


6 


*AM 




140 


ns 




DMAAK pulse width 


6 


Ua 


16.5 




tCYA 




RD i response time from DMARQ t 


6 


tMR 


250 




ns 


tcYA = 3"' -25 ns 


WR i response time from DMARQ t 


6 




500 




ns 




WR/Rr^ rA<&r\onQA timA from HMARf^ 1^ 
vvn/riL^ iCFspuiioo iiiiio iiuiii l^iviam^Vm i 


Q 


*MRW 




24 


^s 




TC\ oiiIqa xA/iHth 
1^ puiao wiuiii 


Q 




60 








RESET pulse width for 


7 


^RST 


60 




^CYA 


During normal operation 


crystal resonator connection 






10 




ms 


On power-on 








10 




ms 


After standby release 


RESET pulse width for 


7 


*RST 


60 




*CYA 


During normal operation 


external clock input 






2 




ms 


On power-on 








60 




^CYA 


After standby release 


Clock hold time on standby 


8 


two 


256 




*CYA 


When external clock is input to XA1 pin 


Clock setup time after standby release 


8 


tow 


128 




*CYA 




START CLOCK command write setup time to 
RESET STANDBY command write 


8 


tws 


128 




tCYA 




INT response time from DMARQ i 


9 


^Ml 


480 


616 


^CYA 




DMAAK signal invalid from INT T 


9 


t|A 




8 


*CYA 
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AC Characteristics 2; 250 kb/s (cont) 



Parameter 


Figure 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Drive Sido 


RDATA high-level width 


10 


*RDD 


40 






ns 




WDATA high-level width 


10 


tWDD 




500 




ns 




DS0-DS3 setup time to DIR (Note 4) 




toSD 


24 






jttS 


tCYA = 3'l-25 ns; Note 2 


DIR setup time to STEP 




^DST 


2 






p& 




DS0-DS3 hold time from STEP (Note 4) 




tSTU 


10 






fXB 




STEP high-level width 




*STP 


12 


14 


16 


JttS 




DS0-DS3 hold time from DIR (Notes 3, 4) 




tODS 


30 






jttS 




DIR hold time from STEP 




tSTD 


48 






|ttS 




STEP cycle time 




tsc 


66 






|US 




FLTR high-level width 


12 


tpR 


16 




20 


fiS 




INDEX high-level width 


12 


t|DX 


32 






tCYA 





Notes: 

(1) For data transfer in non-DMA mode. 

(2) The minimum value for drive-side parameters is 50 ns less 
than the value expressed in jus. For example, 24 jus is actually 
23.950 itis. 

(3) While the unit under test is performing a seek operation, the 
SENSE DEVICE STATUS command is being executed for the 
other devices. 

(4) Except in register mode. 

(5) See figure 3 for timing measurement voltage thresholds. 
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AC Characteristics 3; 300 kb/s 

Ta = -10 to +70''C; Vdd = +5 V ±10%; 

MFM data transfer rate = 300 kb/s; tcvA = 31.25 ns (32 MHz atXAl pin); tcvB = 52.08 ns (19.2 MHz at XB1 pin) 



Parameter 


Figure 


Symbol 


Min Typ 


Max 


Unit 


Conditions 


Main System Side 


AO, CS, DMAAK, ENRW setup time to AD 


4 


tAO 







ns 


For ENF^ when MSEL = 1 


AO CS DMAAK ENRW hold time from Ai!) 


4 


'RA 











RD pulse width 


4 


*RR 


200 




ns 




Dfita access tima from RD 1 


4 






140 


ns 




Data float delay time from RD T 


4 


tnc 
*DF 


10 


85 


ns 




INT delay time from RD t 


4 


*R! 




400 


ns 


Note 1 


AO, CS, DMAAK, ENRi/Vi RSEL setup time to Wft 


5 


*AW 







ns 


For ENIFKA/ and RSEL whan MSEL s 1 


AO, CS, DMAAK, ENRVy/, RSEL hold time from 
WR 


5 


^WA 







ns 




WR pulse width 


5 


tww 


200 




ns 




Data setup time to WR 


5 


tow 


100 




ns 




Data hold time from WR 


5 


twD 







ns 




INT delay time fromWRT 


5 


%l 




400 


ns 


Notel 


DMARQ cycle time 


6 


^MCY 


21.7 




jtlS 


tcYB = 52.08 ns 


DMAAK i response time from DMARQ T 


6 


^MA 


333.3 




ns 




DMARQ delay time from DMAAK i 


6 


^AM 




140 


ns 




DMAAK pulse width 


6 


tAA 


8.3 




tcYB 




R0 i response time from DMARQ t 


6 


*MR 


208.3 




ns 


tcYB = 52.08 ns 


WR i response time from DMARQ t 


6 


*MW 


416.7 




ns 




WR/RD response time from DMARQ t 


Q 


^MRW 




20 


U.S 




TC pulse width 


6 




60 




ns 




RESET pulse width for 


7 


^RST 


60 




tQYA 


During normal operation 


crystal resonator connection 






10 




ms 


On power-on 








10 




ms 


After standby release 


RESET pulse width for 


7 


*RST 


60 




*CYA 


During normal operation 


external clock input 






2 




ms 


On power-on 








60 




*CYA 


After standby release 


Clock hold time on standby 


8 


two 


128 




*CYB 


When external clock is input to XB1 pin 


Clock setup time after standby release 


8 




64 




tCYB 




START CLOCK command write setup time to 
RESET STANDBY command write 


8 


*WS 


64 




tcYB 




INT response time from DMARQ i 


9 


tMI 


240 


308 


tcYB 




DMAAK signal Invalid from INT T 


9 


t|A 




4 


tcYB 
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AC Characteristics 3; 300 Icb/s 


(cont) 














Parameter 


Figure 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Drive Side 


RDATA high-level width 


10 


^DD 


40 






ns 




WDATA high-level width 


10 


tWDD 




416.7 




ns 




DS0-DS3 setup time to DIR (Note 4) 




bSD 


20 






HIS 


tcYB = 52.08 ns; Note 2 


DIP setup time to STEP 




^DST 


1.7 






jtlS 




DS0-DS3 hold time from STEP (Note 4) 




tSTU 


8.3 






fXS 




STEP hlgh-level width 




tSTP 


10 


11.7 


13.3 


fXS 




DS0-DS3 hold time from DIR (Notes 3, 4) 




^DDS 


25 






JttS 




DIR hold time from STEP 




tSTD 


40 






lis 




STEP cycle time 




tsc 


55 










FLTR high-level width 


12 




13.3 




16.7 


JUS 




INDEX high-level width 


12 


t|DX 


16 






tCYB 





Notes: 

(1) For data transfer In non-DIVIA mode. 

(2) The minimum value for drive-side parameters is 50 ns less 
than the value expressed in jus. For example, 20 jus is actually 
19.950 j*s. 

(3) While the unit under test is performing a seek operation, the 
SENSE DEVICE STATUS command is being executed for the 
other devices. 

(4) Except in register mode. 

(5) See figure 3 for timing measurement voltage thresholds. 
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AC Characteristics 4; 150 kb/s 

Ta = -10 to +70°C; Vdd = +5 V ±10%; 

MFM data transfer rate = 150 kb/s; tcvA = 31-25 ns (32 MHz at XA1 pin); tcvB = 52.08 ns (19.2 MHz at XB1 pin) 



Parameter 


Figure 


Symbol 


Min Typ 


Max 


Unit 


Conditions 


Main System Side 


AO, Uo, UMAAr\, cNrivV setUp time to nU 


4 


Ur 







ns 


ror tiNinW wnen MocL = i 


AO, uo, DMAAK, tNRVv noici time from RD 


4 


tRA 







ns 




RD pulse width 


4 


*RR 


200 




ns 




Data access time from RD 4- 


4 


*RD 




140 


ns 




Data float delay time from RD T 


4 


bp 


10 


85 


ns 




IN 1 aeiay time trom hu t 


4 


*RI 




400 


ns 


Note 1 


AO, Uo, DMAAK, cNrwV, nocL Setup time tO WR 


5 


*AW 







ns 


For cNrivv and RoEL when MocL = 1 


Au, uo, uiviAArv, crMnw, nocL noiu lime Trom 
WR 


5 


tWA 







ns 




WR pulse width 


5 


tww 


200 




ns 




Data setup time to WR 


5 


tow 


100 




ns 




Data hold time from WR 


5 


*WD 







ns 




INT delay time from WR t 


5 


*WI 




400 


ns 


Note 1 


DMARQ cycle time 


6 


*MCY 


43.4 




jttS 


tcYB = 52.08 ns 


DMAAK i response time from DMARQ t 


6 


^MA 


666.6 




ns 




DMARQ delay time from DMAAK i 


6 


Um 




140 


ns 




DMAAK pulse width 


6 


Ua 


16.3 




tcYB 




RD i response time from DMARQ T 


6 




416.7 




ns 


tcYB = 52.08 ns 


WR i response time from DMARQ T 


6 


tMW 


833.4 




ns 




WR/RD response time from DMARQ t 


6 


tMRW 




40 


]US 




TC pulse width 


6 


tjc 


60 




ns 




RESET mise width for 


7 


*RST 


60 




*CYA 




crystal resonator connection 






10 




ms 


On power-on 








10 




ms 


After standby release 


RESET pulse width for 


7 


tRST 


60 




tCYA 


During normal operation 


external clock input 






2 




ms 


On power-on 








60 




tCYA 


After standby release 


Clock hold time on standby 


8 


two 


256 




tCYB 


When external clock Is input to XB1 pin 


Clock setup time after standby release 


8 


tow 


128 




tCYB 




START CLOCK command write setup time to 
RESET STANDBY command write 


8 


tws 


128 




*CYB 




INT response time from DMARQ i 


9 


tMI 


480 


616 


*CYB 




DMAAK signal invalid from INT t 


9 


t|A 




8 


tCYB 
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AC Characteristics 4; 150 kb/s (cont) 



Parameter 


Figure 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Drive Side 


RDATA high-level width 


10 


*RDD 


40 






ns 




WDATA high-level width 


10 


%DD 




833.4 




ns 




DS0-DS3 setup time to DIR (Note 4) 




toSD 


40 






ittS 


*CYB= 52.08 ns; Note 2 


DIR setup time to STEP 




bST 


3.4 






fiS 




DS0-DS3 hold time from STEP (Note 4) 




*STU 


16.6 






ittS 




STEP high-level width 




tSTP 


20 


23.4 


26.6 


^IS 




DS0-DS3 hold time from DIR (Notes 3, 4) 




tODS 


50 






jttS 




DIR hold time from STEP 




*STD 


80 






HIS 




STEP cycle time 




tsc 


110 






flS 




FLTR high-level width 


12 


tpR 


26.6 




33.4 


las 




INDEX high-level width 


12 


*IDX 


32 






tCYB 





Notes: 

(1) For data transfer in non-DMA mode. 

(2) The minimum value for drive-side parameters is 50 ns less 
than the value expressed in jus. For example, 40 jus is actually 
39.950 fi,s. 

(3) While the unit under test is performing a seek operation, the 
SENSE DEVICE STATUS command is being executed for the 
other devices. 

(4) Except in register mode. 

(5) See figure 3 for timing measurement voltage thresholds. 
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AC Characteristics 5; 600 kb/s 

Ta = -10 to +70°C; Vdd = +5 V ±10%; 

MFM data transfer rate = 600 kb/s; tcvA = 31.25 ns (32 MHz at XA1 pin); tcvB = 26.04 ns (38.4 MHz at XB1 pin) 



Parameter 


Figure 


Symbol 


Min Typ 


Max 


Unit 


Conditions 


Main System Side 


AO, CS, DMAAK, ENRW setup time to RD 


4 


*AR 







ns 


For ENRW when MSEL = 1 


AO, CS, DMAAK, ENRW hold time from RD 


4 


tRA 







ns 




RD pulse width 


4 


tRR 


200 




ns 




Data access time from RD i 


4 


*RD 




140 


ns 




Data float delay time from RD t 


4 


tDF 


10 


85 


ns 




INT delay time from RD T 


4 


tRI 




400 


ns 


Note 1 


AO, C$, DMAAK, ENRW, RSEL setup time to WR 


5 









ns 


For ENRW and RSEL when MSEL = 1 


AO, CS, DMAAK, ENRW, RSEL hold time from 
WR 


5 


*WA 







ns 




Wr pulse width 


5 


tww 


200 




ns 




Data setup time to WR 


5 


tow 


100 




ns 




Data hold time from WR 


5 


*WD 







ns 




INT delay time from WR T 


5 


*WI 




400 


ns 


Note 1 


DMARQ cycle time 


6 


*MCY 


10.8 




p,s 


tcYB = 26.04 ns 


DMAAK i response time from DMARQ T 


6 


*MA 


166.7 




ns 




DMARQ delay time from DMAAK i 


6 


Um 




140 


ns 




DMAAK pulse width 


6 


Ua 


8.6 




tCYB 




RD i response time from DMARQ t 


6 


tMR 


104.2 




ns 


tCYB = 26.04 ns 


Wr i response time from DMARQ T 


6 




208.3 




ns 




WR/RD response time from DMARQ t 


6 


tMRW 




12 


las 




TC pulse width 


6 


tjc 


60 




ns 




RESET pulse width for 


7 


tRST 


60 




*CYA 


During normal operation 


crystal resonator connection 






10 




ms 


On power-on 








10 




ms 


After standby release 


RESET pulse width for 


7 


tRST 


60 




tCYA 


During normal operation 


external clock input 






2 




ms 


On power- on 








60 




tCYA 


After standby release 


Clock hold time on standby 


8 


two 


128 




tCYB 


When external clock is input to XB1 pin 


Clock setup time after standby release 


8 


tew 


64 




tCYB 




START CLOCK command write setup time to 
RESET STANDBY command write 


8 


*WS 


64 




tCYB 




INT response time from DMARQ i 


9 




240 


308 


tCYB 




DMAAK signal invalid from INT T 


9 


t|A 




4 


tCYB 
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AC Characteristics 5; 600 kb/s (cont) 

Parameter Figure Symbol Min Typ Max Unit Conditions 



tJrive 5f cfo 



RDATA high-level width 


10 


*RDD 


40 


ns 


WDATA high-level width 


10 


tWDD 


208.3 


ns 


DS0-DS3 setup time to DIR (Note 4) 


11 


^DSD 


10 


JUS tcYB = 26.04 ns; Note 2 


DIR setup time to STEP 




toST 


0.8 


JttS 


DS0-DS3 hold time from STEP (Note 4) 




*STU 


4.2 


ilS 


STEP high-level Width 




*STP 


5.0 5.8 6.7 


JttS 


DS0-DS3 hold time from DIR (Notes 3. 4) 




tODS 


12.5 


JttS 


DIR hold time from STEP 




*STD 


20 


JUS 


STEP cycle time 




*SC 


27.5 


JttS 


FLTR high-level width 


12 


tpR 


6.7 8.3 


JUS 


INDEX high-level width 


12 


t|DX 


16 


tCYB 


Notes: 










(1) For data transfer in non-DMA mode. 










(2) The minimum value for drive-side parameters is 50 ns less 
than the value expressed in jus. For example, 10 jus is actually 







9,950 JUS. 

(3) While the unit under test is performing a seek operation, the 
SENSE DEVICE STATUS command is being executed for the 
other devices. 

(4) Except in register mode. 

(5) See figure 3 for timing measurement voltage thresholds. 
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AC Characteristics 6; 300 kb/s 

\ = -10 to +70°C; Vqd = +5 V ±10%; 

MFM data transfer rate = 300 kb/s; tcvA = 31-25 ns (32 MHz at XA1 pin); tcvB = 26.04 ns (38.4 MHz at XB1 pin) 



Parameter 


Figure 


Symbol 


Min Typ 


Max 


Unit 


Conditions 


Main System Side 


AO, CS, DMAAK, ENRW setup time to RD 


4 


tAR 







ns 


For ENRW when MSEL = 1 


AO, CS, DMAAK, ENRW hold time from RD 


4 


tRA 







ns 




RD puise width 


4 


tRR 


200 




ns 




Data access time from RD i 


4 


tRD 




140 


ns 




Data float delay time from RD t 


4 


tDF 


10 


85 


ns 




INT delay time from RD t 


4 


tRI 




400 


ns 


Note 1 


AO, CS, DMAAK, ENRW, RSEL setup time to WR 


5 


Uw 







ns 


For ENRW and RSEL when MSEL = 1 


AO, CI, DMAAK, EmN, RSEL hold time from 
WR 


5 


tWA 







ns 




WR pulse width 


5 


tww 


200 




ns 




Data setup time to WR 


5 




100 




ns 




Data hold time from WR 


5 


twD 







ns 




INT delay time from WR t 


5 


twi 




400 


ns 


Notel 


DMARQ cycle time 


6 


*MCY 


21.7 




jttS 


tcYB = 26.04 ns 


DMAAK i response time from DMARQ t 


6 


*MA 


333.3 




ns 




DMARQ delay time from DMAAK i 


6 


*AM 




140 


ns 




DMAAK pulse width 


6 


*AA 


16.6 




tCYB 




RD i response time from DMARQ T 


6 


*MR 


208.3 




ns 


tcYB = 26.04 ns 


WR i response time from DMARQ T 


6 


tMW 


416.7 




ns 




WR/RD response time from DMARQ T 


6 


*MRW 




24 


jttS 




TC pulse width 


6 


tTC 


60 




ns 




RESET pulse width for 


7 


^ST 


60 




^CYA 


During normal operation 


crystal resonator connection 






10 




ms 


On power-on 








10 




ms 


After standby release 


RESET pulse width for 


7 


tRST 


60 




^CYA 


During normal operation 


external clock input 






2 




ms 


On power-on 








60 




tCYA 


After standby release 


Clock hold time on standby 


8 


twc 


256 




^CYB 


When external clock Is input to XB1 pin 


Clock setup time after standby release 


8 


tew 


128 




tcYB 




START CLOCK command write setup time to 
RESET STANDBY command write 


8 


tws 


128 




tCYB 




INT response time from DMARQ i 


9 


tMI 


480 


616 


tCYB 




DMAAK signal invalid from INT T 


9 


t|A 




8 


*CYB 
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AC Characteristics 6; 300 kb/s 


(cont) 














Parameter 


Figure 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


DriveSide 


RDATA high-level width 


10 


*RDD 


40 






ns 




WDATA high-level width 


10 


tWDD 




416.7 




ns 




DS0-DS3 setup time to DIR (Note 4) 




*DSD 


20 






fiS 


tcYB = 26.04 ns; Note 2 


DIR setup time to STEP 




toST 


1.7 






jttS 




DS0-DS3 hold time from STEP (Note 4) 




tSTU 


8.3 






fiS 




STEP high-level width 




tSTP 


10 


11.7 


13.3 


jttS 




DS0-DS3 hold time from DIR (Notes 3, 4) 




bos 


25 






IttS 




DIR hold time from STEP 




*STD 


40 






fiS 




STEP cycle time 




*SC 


56 






IttS 




FLTR high-level width 


12 


tpR 


13.3 




16.7 


ftS 




INDEX high-level width 


12 


t|DX 


32 






tCYB 





Notes: 



(1) For data transfer in non-DMA mode. 

(2) The minimum value for drive-side parameters is 50 ns less 
than the value expressed In jus. For example, 20 jits is actually 
19.950 JUS. 

(3) While the unit under test Is performing a seek operation, the 
SENSE DEVICE STATUS command is being executed for the 
other devices. 

(4) Except in register mode. 

(5) See figure 3 for timing measurement voltage thresholds. 
Figure 4. Read Operation 
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Figure 5. Write Operation 



AO. CS, RSEL. 



DMAAK. ENRW 



WR 



X 



tAW 



Do -D7 



X 



• tDW 



X 



tWA 



tWD 



X 



■ twi - 



x 



Figure. 6 DUMA Operation 



DMARQ 



tMCY- 



\ 



tMA- 



tAM 



tAA- 



tMRW- 



tMR- 



tMW - 



Figure 7. RESET M^veform 
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Figure 8, Standby Operaiion (With External Ciocic inpuQ 



External 
Clock 



3Em 



(1) 



■ twc- 



mm 



■ tcw- 



(2) 



(3) 



Notes: 

(1 ) SET STANDBY command wdte. 

(2) START CLOCK command write. 

(3) RESET STANDBY command write. 

(4) When in standby mode the external clock should be 
fixed low. The standby current specifications cannot 
be met unless this is done. 



Figure. 9 Operation in Case of Overrun 



DMARQ 



- R-Phase - 



•t|A- 



\ 



. DMAAK Signal . 
Invalid Time 



INT generation on completion of command 



Figure W. REMA and WMm mveforms 



WDATA 
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Figure 11. Seek Operattion 



X 



^ ^DSD 



DIR 



^DST 



tSTP- 



• tDDS - 



^STD 
■ ^STU ■ 



Figure12. FLTRand iNDEXmveforms 



INDEX 



t|DX 
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NEC Electronics Inc. 



/IPD72069 
Floppy-Disk Controller 



Description 

The ;*PD72069 Floppy-Disk Controller (FDC) Is one of 
NEC's Integrated solutions for todayls floppy-disk con- 
troller designs. An outgrowth of the mPD765A— long 
established as the Industry standard for floppy-disk 
contol— the j[iPD72069 maintains complete microcode 
compatibility and contains the latest enhancements re- 
quired for multitasking applications. Additionally, the 
^PD72069 integrates the standard host-Interface regis- 
ters used In IBM PC, PC/XT, PC/AT, and PS/2® designs. 

The i[iPD72069 incorporates a high-performance analog 
PLL that requires no adjustments and supports all stan- 
dard data rates as well as 600 kb/s and 1 Mb/s for the 
latest advances in tape and disk technology. 

The /LiPD72069 has on-chip clock generation, selectable 
write precompensation, and all the circuitry necessary 
for interfacing directly to four floppy-disk drives. 

Features 

□ 100% /APD765A/765B software and hardware 
compatible 

□ IBM and ECMA (Sony) formats 

□ Analog PLL (no adjustment required) 

n Data transfer rate: 1 Mb/s; 600, 500. 300, 250, 150 
kb/s 

□ Two system clock generators 

□ Write precompensation (programmable shift values) 

□ Programmable stepping speed 

□ Direct control of four FDDs 

— Spindle motor control 

— Unit select control 

— High-current driver outputs (open drain) 

□ Three selectable modes support: 

— PC, PC/XT, PC/AT registers 

— internal operating mode selection 

— External operating mode selection 



Ordering Information 



Part Number 


Package 


jttPD72069GF-3BA 


100-pin plastic minifiat 


|ttPD72069L 


84-pin PLCC (piastic ieaded ciiip carrier) 



iBM PC, PC/XT, PC/AT, and PS/2 are registered trademarlcs of inter- 
natlonai Business Machines Corp. 



Pin Identification 



Symbol 


I/O 


Signal Function 


AO 


in 


Address 0. Selects a register in juPD72069. 


ACTL 


In 


Active Level. Sets active level of drive interface 
signal. 

ACTL Active Level 

High 

1 Low 


CGP1, 
CGP2 


Out 


Charge Pump. Phase difference of sub PLL 
devices. 




In 


Chip Select. Validates RD and WR signals. 


Dq-Dj 


I/O 


Data Bus. Bidirectional, three-state data bus. 


DENO, 
DEN1 (*) 


Out 


Density. Specifies the density of a drive that can 
support more than one density. The output is a 



value corresponding to the selected data 
transmlsion rate. 



DENO: When DR1 = and DRO = 1, the DENO 
output Is 1. Otherwise it is 0. 

DEN1: When DR1 = 1 and DRO = 1, the DEN1 
output Is 0. Otherwise it is 1. 

The values specified above are applicable when 
ACTL = 1 . The values are reversed when ACTL = 
_0^ 

DIR (*) Out Direction. Specifies the seek direction. 



ACTL 


DIR 


Direction 








Outward 





1 


Inward 


1 





Inward 


1 


1 


Outward 



DiVlAAk 


In 


DMA Acknowledge. Enables DMA cycle. 


DMARQ 


Out 


DMA Request. Requests data transfer in DMA 
mode. 


DR0-DR2 


In 


Data Rate. Sets data transfer rate in external 
mode. 


DS0-DS3 
(*) 


Out 


Drive Select. Selects up to four FDDs. 


EM0-EM4 
(*) 


Out 


Enable Motor. Controls FDD spindle motor on/off; 
also can be used as a general-purpose output 
port. 


ENIDX (*) 


in 


Enable Index. Validates INDEX and RDATA signals 
from FDD. 


ENPCS 
(*) 


In 


Enable Precompensation. This pin is usually 
connected to the LOT pin 




in 


Enable Read Write. Validate W and WR signals 
when MSEL 1. When MSEL = 0, this signal is 
meaningless. 


FLT(*) 


In 


Fault. Indicates FDD Is faulty. 



FLTR (*) Out Fault Reset. Releases FDD from fault state. 
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Pin Identification (cont) 



byiTlDOl 


I/O 


Si9n8l Functiori 


FMT 


In 


Format Selects format in external mode. 

FMT Format 

IBIVI 

1 ECMA/ISO 


HOLD (*) 


Out 


i-iead Load. Sets drive liead In the load state. 


INDEX (*) 


In 


Indicates drive head is positioned at physical 
start point of track on the medium. 


INT 


Out 


Interrupt Request. Requests main system to 
process transferred data and execution results. 


LOT (*) 


Out 


Low Current. Indicates drive head has selected a 
cylinder on or after the 43rd. 


LPF1, 
LPF2 


Out 


Lowpass Filter. Phase difference of main PLL 
devices. 


MSEL 


In 


Mode Select. Validates IBM-PC register and on- 
chip peripheral circuit. 


peso, 

PCS1 


In 


Precompensation. Sets precompensation value 
in external or register mode. 


RD 


In 


Read. This control signal causes the main system 
to read data from the juPD72069 to the data bus. 


RDATA (*) 


in 


Read data (consists of clocl< and data bits) from 
FDD. 


READY (*) 


In 


Indicates FDD is ready. 



Pin identification (cont) 



Symbol I/O Signal Function 



RESET In Sets juPD72069 to idle state. FDD interface 
outputs except for WDATA (undefined) are: 
ACTL Output 

All low 

1 All high 

For the main system, INT and DMARQ are set to 
low and D0-D7 are set for input. 

RSEL In RegisterSelect. When MSEL = 1, used with C5 

and AO to select register for IBM-PC (digital out 
register or control register). Invalid when MSEL = 




SIDE (*) 



Out Side Select. Selects double-sided drive head. 



ACTL 


SIDE 


Drive Head 








HeadO 





1 


Head 1 


1 





Head1 


1 


1 


HeadO 



STEP (*) 


Out 


Generates seek pulses. 


TC 


In 


Terminal Count. Terminates data transfer. 


TRKO (*) 


In 


Indicates drive head is positioned at cylinder 0. 


WDATA (*) 


Out 


Write data (clock and data bits) to FDD. 


WE (*) 


Out 


Requests FDD to write data. 


WPRT (*) 


In 


Indicates medium is write-protected. 


WR 


In 


Write. Control signal that allows the main system 
to write data bus data into jLtPD72069. 



XA1,XA2 In 


Crystal A. For internal oscillator frequency 




control, a crystal resonator is connected to XA1 




and XA2. For external clock input at XA1, XA2 is 




open. 




Frequency == 16 MHz 




Symbol I/O 


Signal Function 


XB1,XB2 In 


Crystal B. For internal oscillator frequency control, a 




crystal resonator is connected to XB1 and XB2. For 




external clock input at XB1, XB2 is open. 




Frequency = 19.2 MHz 


2SIDE(*) In 


Indicates a medium with two usable sides has been 


loaded Into the FDD. 


IC 


Internal Connection. Connect to GND1 


NC - 


No Connection. 


GND1 - 


Ground for digital devices. 


GND2 


Ground for analog devices. 


GND3 


Ground for buffers. 


Vddi In 


+5-volt power supply for digital devices. 


Vdd2 'n 


+5-volt power supply for analog devices. 


(*) Active high when ACTL - 0; active low when ACTL = 1. 


Output Pin Reset Status 


Pin 


Reset Status 


D0-D7 


Input 


DMARQ, INT 


Low 


CGP1,CGP2, 


Undefined 


LPF1, LPF2, 




WDATA 




DIR. DS0-DS3, 


Low when ACTL =0; high when ACTL= 1. 


EM0-EM3, FLTR, 


HDLD, LCT, 




SIDE, STEP, WE 




DENO, DEN1 


Output depends on the preset data transfer 




rates. Value set when ACTL = is inverted 




when ACTL = 1, and vice versa. 
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Pin Configurations 
84-Pin PLCC 




ZjZiZllCIIojcccozceSi-S^Zcoq 



nnnnnnnnnnnnnnnnnn 

e»cor«.tDiO'*eoeMT-TfcocMT-ocnoor«.a3 



rv. IS. h- h- 



73 P 
72 



rr 



71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 

59 p 
58 1 
57 □ 
56 □ 
55 □ 
-.54 3 



GND3 
»*EMO 
**EM1 
GND3 
**EM2 
**EM3 
GND3 
**DSO 
**DS1 
GND3 
**DS2 

INDEX 
**DS3 
*^DEN1 
GND3 
DENO 
XB2 
XB1 
GND1 
XA2 
XA1 



uuuuuuuuuuuuuuuuuu 

<Z --ifQQQ o 



^ Active level is variable 
IC Connect to GND1 



Connect GND1 , GND2, and GND3 to main ground with the 
shortest possible wiring 



5-107 



MPD72069 



NEC 



100'Pin Plastic Miniflat 







ENIDX 


ENPCS 


LCT 


ND3 


HDLD 


ND3 


FLTR 


FLT 


2SIDE 


READY 


SIDE 


ND3 


RDATA 


WPRT 


TRKO 


UJ 


WDATA 


ND3 


STEP 


QC 












* 


* 


* 




* 


O 


* 


* 


* 


* 


* 


C3 


* 


* 


* 


* 


* 


CD 


* 














n 


n 


n 


n 


n 


n 


n 


n 


n n 


n 


n 


n 


n 


n 


n 


n 


n 


n 


n 












s 




00 
o> 












CD 






§ 








S 


s 




CO 










NC 


C 








































*80 


1 


NC 




NC 


c 


2 






































79 


□ 


NC 




NC 


c 


3 






































78 


□ 


NC 




NC 


c 


4 






































77 




NC 




ACTL 


c 


5 






































76 


□ 


GND3 




GND1 


i: 


6 






































75 




*EMO 




CGP1 


c 


7 






































74 


□ 


*EM1 




NC 


c 


8 






































73 


1 


GND3 




CGP2 


c 


9 






































72 




»^EM2 




NC 


i: 


10 






































71 


□ 


^EM3 




GND2 


c: 


11 






































70 




GND3 




NC 


c 


12 






































69 


□ 


*^DSO 




LPF2 


c 


13 






































68 


□ 


**DS1 




NC 


c 


14 






































67 


□ 


GND3 




LPF1 


c 


15 






































66 


□ 


**DS2 




NC 


c 


16 






































65 


□ 


INDEX 




VDD2 


c 


17 






































64 


□ 


^DS3 




VDD1 


c 


18 






































63 


□ 


**DEN1 




RESET 


c 


19 






































62 


□ 


GND3 




ENWR 


t: 


20 






































61 




»*DENO 




RSEL 


£^ 


21 






































60 




XB2 




CS 




22 






































59 




XB1 




AO 


□ 


23 






































58 


□ 


GNDI 




RD 


r 

1— 


24 






































57 




XA2 




WR 


C 


25 






































56 


□ 


XA1 




MSEL 


c 


26 






































55 


□ 


PCS1 




NC 


c 


27 






































54 


□ 


NC 




NC 


c 


28 






































53 




NC 




NC 


c 


29 






































52 




NC 




NC 


E 


30^ 






































51 


□ 


NC 








w 




§? 


CO 


CO 




J5 
















in 










s 












"Tf 


TT 


■IT 


XT 


■o 


D- 


u 


"D 


TJ" 


CJ 


TJ 


TJ 


n 


■IT 


TJ 


"D 


n 


■n 


TJ 


u 












o 
Q 




CM 

Q 


CO 

Q 


Q 


Q 


to 
Q 


Q 


g 




5 










E 




o 


o 


o 

(0 
































z 

o 






u. 


Q 


Q 


Q 


































Q 


Q 
































* Active leve 


is variable 




































IC Connect to 


GND1 








































Connect GND1 


, GND2, and GND3 to main 


ground 


with the 
















shortes 


possible wiring 
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MPD72069 Block Diagram 



DBo - DBy < ^ '-^ 



AO • 
CS • 
RD • 
WR ■ 
TC • 
DMARQ • 
DMAAK ■ 
ENRW - 
MSEL - 
RSEL - 
INT - 



XA1 XA2 

J L 



Xtal Osc A 



Xtal Osc B 



1 — r 

XB1 XB2 




DRO DR1 DR2 

_LJ_L 



Clock 
Generator 



I Block upgraded or added to 
' ' original JJ.PD765/72065 

( ) Internal signal 



►(01) 
-(02) 
► (WCLK) 



Reset 
Control 



Control 
Register 



Digital Out 
Register 



Data Bus 
Buffer 



Multiplexer 



System 
Interface 
Control 



o 



^ Auxiliary 



Command 
Registers 

and 
Timers 



Drive 
Interface 
Control 



Input 
Port 



Output 
Port 



-ENIDX 

- READY 
-WPRT 

- 2SIDE 

- INDEX 
-FLT 
-TRKO 

■ ACTL 

- DS0-DS3 
-HDLD 
'LCT 
-FLTR 

- SIDE 
-STEP 
-DIR 
-DENO 



From Digital 
Out Register 



(SYNC) 



LPF1,LPF2 
CGP1,CGP2 ■ 



Analog 
Phase-Locked 
Loop 



(DRQ) 

(RDATA) 



(WINDOW) 



Motor 
^ Control 















Data 
Separation 
and 
Serial 
Interface 
Circuitry 



(SYNC) 
(WCLK) 



►EMO 
'EM1 
►EM2 
-EM3 



FMT 
WE 



Precomp 
Control 



► WDATA 
-ENPCS 

-peso 

-PCS1 
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Absolute Maximum Ratings 

Ta = +25°C 



Supply voltage, Vpo 






-0.5 to -I-7.0 V 


Voltage on any pin (except Vpo) 




-0.5 to +7 V 


Operating temperature, Tqpt 




-10 to +70°C 


Storage temperature, Tstg 




-65 to 150°C 


Oscillator Specifications 

Ta = -10 to +70°C; Vdd = +5 V ±10% 


Parameter Symbol 


Min Typ 


Max 


Unit Conditions 


Low-level V|l 
input voltage 


-0.5 


0.2 Vdd 


V Pins XA1, 
XB1 


High-level V|h i 
input voltage 


0.8 Vdd 


Vdd + 0.5 V 


Clock cycle ^cya 


62.2 62.5 


63.8 


ns Pins XA1, 
XA2 


<^CYB 


51.8 52.08 


52.3 


ns Pins XB1, 
XB2 


Clock width, 0^ 
high/low 


0.35 


0.65 


^^CYA. 
0CYB 


Clock rise 
time 




0.15 


^CYA. 
0CYB 


Clock fall 
time 




0.15 


<^CYA. 
^CYB 


Analog PLL Characteristics 


Parameter 


Symbol 


Min 


Typ Max Unit 


VCO free-run 
frequency 


fT 


9.9 


10.0 10.1 MHz 


fj power supply 
voltage coefficient 


^TUDD 


-0.1 


+0.1 %/V 


fx temperature 
coefficient 


^TTA 


-10 


+10 ppmrc 


Capture range 


fCTB 


±7.5 


% 


Lock range 




±10 


% 


Capture range power 
supply voltage 
coefficient 


^CTUD 


-5 


+5 %/V 


Capture range 

temperature 

coefficient 


^CTTA 


-5 


+5 ppm/°C 


VCO jitter 


tjIT 





2 ns 


Peak shift margin 


*PFTM 


80 


% 


Pull-in time 


tpLIN 




20 bit 
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AC Characteristics 1; 1 Mb/s 

Ta = -10 to +70°C; Vdd = +5 V ±10%; 



MFM data transfer rate = 1 Mb/s; 0cYA 62-5 ns (16 MHz at XA1) 


Parameter 


Figure 


Symbol 


MIn Typ 


Max 


Unit 


Conditions 


Main System Side 


AO, CS, DMAAK, E Hm setup time to RD 


2 


tAR 







ns 




AO, CS, DMAAK, ENRW hold time from RD 


2 


tRA 







ns 




RO pulse width 


2 


*RR 


200 




ns 




Data access time from RD T 


2 


*RD 




140 


ns 




Data float delay time from MD T 


2 


bF 


10 


85 


ns 




INT delay time from RD t 


2 


tRI 




400 


ns 


For data transfer in non-DMA mode 


AO, CS, DMAAK, ENPW\i( RSEL setup time to WR 


3 









ns 




AO, CS, DMAAK, ENRWJ RSEL hold time from 
WR 


3 


*WA 







ns 




WR pulse width 


3 




200 




ns 




Data setup time to WR 


3 


tow 


100 




ns 




Data hold time from WR 


3 


*WD 







ns 




INT delay time from WR T 


3 


twi 




400 


ns 


For data transfer in non-DMA mode 


DMARQ cycle time 


4 


*MCY 


6.5 




liS 




DMAAK i response time from DMARQ i 


4 


'^MA 


100 




ns 




DMARQ delay time from DMAAK i 


4 


tAM 




140 


ns 




DMAAK pulse width 


4 


^AA 


2 




^CYA 




RD 4- response time from DMARQ T 


4 


*MR 


62.5 




ns 




WR i response time from DMARQ t 


4 


*MW 


125 




ns 




WR/RD response time from DMARQ t 


4 


tMRW 




6 






TC pulse width 


4 


tjc 


60 




ns 




RESET pulse width 


5 


^RST 


30 




^CYA 




Clock hold time at standby 


6 


two 


32 




^CYA 


When external clock is input to XA1 pin. 


Clock setup time at standby release 


6 


tow 


16 




^CYA 




START CLOCK command setup time to 
RESET STANDBY command 


6 


tws 


16 




^CYA 




INT response time from DMARQ i 


7 




60 


77 


0CYA 




Time from INT to Invalidate DMAAK 


7 


t|A 




1 


^CYA 
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AC Characteristics 1; 1 Mb/s (cont) 



Parameter 


Figure 


Symbol 


Min 




Max 


Unit 


Conditions 


Driv0$ide 


RDATA active-low time 


8 


^RDD 


40 






ns 




WDATA active-iow time 


8 


twDD 




125 




ns 




DS0-DS3 setup time to 5lM 


9 


*DSD 


9.5 






M8 


Note2 


DIR setup time to STEP 


9 


tpST 


0.5 






la 




DS0-DS3 liold time after STEP 


9 


tSTU 


2.5 






MS 




STEP active-low time 


9 


*STP 


3 


3.5 


4 


MS 




DS0-DS3 hold time after DM (Note 1) 


9 


*DDS 


22.5 






la 




DIR hold time after STEP 


9 


*STD 


12 










STEP cycle time 


9 


tsc 


16.5 










FLTR active-low time 


10 




4 




5 


ta 




INDEX low time 


10 


*IDX 


4 






^CYA 





Notes: 

(1) While the unit under test is performing a seek operation, the 
SENSE DEVICE STATUS command is being executed for the 
other devices. 

(2) The minimum value for drive-side parameters is 50 ns less 
than the value expressed in /as. For example, 9.5^8 is actually 
9.450 jttS. 

(3) See figure 1 for timing measurement voltage thresholds. 



Figure I. Vbltage Threshold! for Timing 
Measuremenis 
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AC Characteristics 2; 500 kb/s 

Ta = -10 to +70''C; Vqd = +5 V ±10%; 

MFM data transfer rate = 500 kb/s; ^qya = ^^-^ ns (16 MHz at XA1) 



Parameter 


Figure 


Symbol 


MIn Typ 


Max 


Unit 


Conditions 


Main Sysiom Side 


AO, DMAAK, setup time to RD 


2 


tAR 







ns 




AO, CS, DMAAk. ENRW hold time from RD 


2 


tRA 







ns 




RD pulse width 


2 


tRR 


200 




ns 




Data access time from RD T 


2 


^RD 




140 


ns 




Data float delay time from RD t 


2 


tDF 


10 


85 


ns 




INT delay time from RD t 


2 


tRI 




400 


ns 


For data transfer In non-DMA mode 


AO, CS, DMAAK, ENRW! RSEL setup time to WR 


3 


Uw 







ns 




AO, CS, DMAAK, ENRW, RSEL hold time from 
WR 


3 









ns 




WR pulse width 


3 


tww 


200 




ns 




Data setup time to WR 


3 




100 




ns 




Data hold time from WR 


3 


^WD 







ns 




INT delay time from WRT 


3 


%l 




400 


ns 


For data transfer in non-DMA mode 


DMARQ cycle time 


4 


*IVICY 


13 




MS 




uiviMniv ■i' response iime irom uiviAriu + 


4 


*MA 


200 




ns 




DMARQ delay time from DMAAK i 


4 






140 


ns 




DMAAK pulse width 


4 


*AA 


4 




0CYA 




RD i response time from DMARQ t 


4 


. *MR 


125 




ns 




WR i response time from DMARQ t 


4 


*MW 


250 




ns 




WR/RD response time from DMARQ T 


4 


^MRW 




12 


jUS 




TC pulse width 


4 


tTC 


60 




ns 




RESET pulse width 


5 


tRST 


30 




^CYA 




Clock hold time at standby 


6 


two 


64 




^CYA 


When external clock is input to XA1 pin. 


Clock setup time at standby release 


6 


tew 


32 




^CYA 




START CLOCK command setup time to 
RESET STANDBY command 


6 




32 




^CYA 




INT response time from DMARQ i 


7 


^Ml 


120 


154 


^CYA 




Time from INT to invalidate DMAAK 


7 


t|A 




2 


<^CYA 
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AC Characteristics 2; 500 kb/s (cont) 



Parameter 


Figure 


Symbol 


Min 


Typ 


Max 


Unit Conditioiis 


Drive Side 


RDATA active-low time 


8 


tRDD 


40 






ns 


WDATA active-low time 


8 


*WDD 




250 




ns 


DS0-DS3 setup time to DM 


9 


*DSD 


19 






jus Note 2 


DIR setup time to STEP 


9 


tDST 


1 






fiS 


DS0-DS3 hold time after STiP 


9 


*STU 


5 








STEP active-low time 


9 


*STP 


6 


7 


8 




DS0-DS3 hold time after DP (Note 1) 


9 


*DDS 


45 








OIR hold time after STIF 


9 


*STD 


24 








5T1P cycle time 


9 


tsc 


33 








FLTR active-low time 


10 


tpR 


8 




10 


MS 


low time 


10 


*IDX 


8 






^CYA 



Notes: 



(1) While the unit ur>der test is performing a seek operation, the 
SENSE DEVICE STATUS command is being executed for the 
other devices. 

(2) The minimum value for drive-side parameters is 50 ns less 
than the value expressed in /ks. For example, 19 fa is actually 
18.950 ms. 

(3) See figure 1 for timing measurement voltage thresholds. 
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AC Characteristics 3; 250 kb/s 

Ta = -10 to +70°C; Vdd = +5 V ±10%; 



MFM data transfer rate = 250 kb/s; <^CYA = 62.5 ns (16 MHz at XA1) 


Parameter 


Figure 


Symbol 


Min Typ 


Max 


Unit 


Conditions 


Main System Side 


AO, CS, DMAAK, ENRW setup time to RD 


2 









ns 




AO, CS, DMAAK, ENRW hold time from RD 


2 


tRA 







ns 




RD pulse width 


2 




200 




ns 




Data access time from RD t 


2 


tpQ 




140 


ns 




Data float delay time from RD T 


2 


tDF 


10 


85 


ns 




INT delay time from RD t 


2 


tRI 




400 


ns 


For data transfer in non-DMA mode 


AO, GS, DMAAK, ENRW, RSEL setup time to WR 


3 


*AW 







ns 




AO, CS, DMAAK, ENRW, RSEL hold time from 
WR 


3 


%A 







ns 




WR pulse width 


3 


*WW 


200 




ns 




Data setup time to WR 


3 


tow 


100 




ns 




Data hold time from WR 


3 


%D 







ns 




INT d^lflv time from WP t 
UN i viciciy III no iiuiii vvn i 


3 


^Wl 




400 




F-nr Hat A trfln^fAr in nnn-HI^A rvmriA 
pui uciici iiaiioioi III 1 ivi i-Lyivi/\ iiiv/uo 


DMARQ cycle time 


4 


tMCY 


26 




MS 




DMAAK i response time from DMARQ 4- 


4 


*MA 


400 




ns 




DMARQ delay time from DMAAK i 


4 






140 


ns 




r^MAAK niii<%fi width 


4 


tA A 

*AA 


3 




<PCYA 




RD i response time from DMARQ T 


4 


*MR 


250 




ns 




WR i response time from DMARQ t 


4 




500 




ns 




W^RD response time from DMARQ t 


4 


*MRW 




6 


us 




TC pulse width 


4 


tie 


60 




ns 




RESET pulse width 


5 


tRST 


30 




0CYA 




Clock hold time at standby 


6 


two 


128 




<^CYA 


When external dock Is input to XA1 pin. 


Clock setup time at standby release 


6 


tow 


64 




<^CYA 




START CLOCK command setup time to 
RESET STANDBY command 


6 




64 




<f>CYA 




INT response time from DMARQ i 


7 


tMI 


240 


308 


0CYA 




Time from INT to invalidate DMAAK 


7 


t|A 




4 
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AC Characteristics 3; 250 Icb/s (cont) 



Parameter 


Figure 


Symbol 


Min 


Typ 


Max Unit Conditions 


DriveSide 


RDATA active-low time 


8 


*RDD 


40 




ns 


WDATA active-low time 


8 


*WDD 




500 


ns 


DS0-DS3 setup time to 0M 


9 


*DSD 


38 




jttS Note 2 


DIR setup time to STEP 


9 


*DST 


2 






DS0-DS3 hold time after STEP 


9 


tSTU 


10 






STEP active-low time 


9 


*STP 


12 




16 |ttS 


DS0-DS3 hold time after 0iR (Note 1) 


9 


*DDS 


90 




jUS 


DIR hold time after §TeP 


9 


*STD 


48 






STEP cycle time 


9 


tsc 


66 






FLTR active-low time 


10 


tpR 


16 




20 jiiS 


IFIOE^ low time 


10 


t|DX 


16 




0CYA 



Notes: 



(1) While the unit under test is performing a seek operation, the 
SENSE DEVICE STATUS command Is being executed for the 
other devices. 

(2) The minimum value for drive-side parameters Is 50 ns less 
than the value expressed in /us. For example, 38 jus is actually 
37.950 jas. 

(3) See figure 1 for timing measurement voltage thresholds. 
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AC Characteristics 4; 600 Icb/s 

\ = -10 to +70"C; Vdd = +5 V ±10%; 



MFM data transfer rate - 600 kb/s; 0cya ~ 6^.5 ns, ^CYB 


^ 52.08 ns (19.2 MHz at XB1) 






Parameter 


Figure 


Symbol 


MIn Typ 


Max 


Unit 


Conditions 


Main System Side 


AO, CS. DMAaK. feNFW setup time to ftD 


2 


tAR 







ns 




AO, CS, DMAaK, ENFW hold time from RD 


2 


tRA 







ns 




pulse width 


2 


*RR 


200 




ns 




Data access time from ^ T 


2 


*RD 




140 


ns 




Data float delay time from W t 


2 


tDF 


10 


85 


ns 




INT delay time from IRD t 


2 


tRI 




400 


ns 


For data transfer in non-DMA mode 


AO, US, DMAAK, EHPM, RSEL setup time to Wl^ 


3 


tAW 







ns 




AO, CS, DMAAK, ENFW, RSEL hold time from 


3 


%A 







ns 




WF^ pulse width 


3 




200 




ns 




Data setup time to Wr 


3 


tow 


100 




ns 




Data hold time from WR 


3 


two 







ns 




INT delay time fromWRt 


3 


% 




400 


ns 


For data transfer in non-DMA mode 


DMARQ cycle time 


4 


^MCY 


10.8 




jttS 




DMAaK i response time from DMARQ i 


4 


^MA 


166.7 




ns 




DMARQ delay time from bMAAK ; 


4 


Um 




140 


ns 




DMAAK pulse width 


4 


*AA 


4 




^CYB 




RC5 i response time from DMARQ t 


4 


*MR 


104.2 




ns 




WR i response time from DMARQ t 


4 


*MW 


208.3 




ns 




WR/REJ response time from DMARQ t 


4 


<MRW 




10 


MS 




TO pulse width 


4 


tTC 


60 




ns 




RESET pulse width 


5 


tRST 


30 




^CYA 




Clock hold time at standby 


6 


*WC 


64 




^CYB 


When external clock is input to XB1 pin. 


Clock setup time at standby release 


6 


*CW 


32 




^CYB 




START CLOCK command setup time to 
RESET STANDBY command 


6 


tws 


32 




0CYB 




INT response time from DMARQ i 


7 


tMI 


120 


154 


0CYB 




Time from INT to invalidate DMAAK 


7 


t|A 




2 


0CYB 
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AC Characteristics 4; 600 kb/s (cont) 



Parameter 


Figure 


Symbol 


MIn 


Typ 


Max 


Unit Conditions 


DriveSide 


RDATA active-low time 


8 


tRDD 


40 






ns 


WDATA active-low time 


8 


*WDD 




208.3 




ns 


DS0-DS3 setup time to DIR 


9 


tpSD 


9.5 






fiS Note 2 


DIR setup time to STEP 


9 


tDST 


0.5 






|US 


DS0-DS3 ho\6 time after STEP 


9 


tSTU 


2.5 






JlS 


STEP active-low time 


9 


tSTP 


3 


3.5 


4 


ms 


DS0-DS3 liold time after DIR (Note 1) 


9 


*DDS 


12 






flS 


DIR hold time after STEP 


9 


tSTD 


22.5 






MS 


STEP cycle time 


9 


*SC 


16.5 






JUS 


FLTR active-low time 


10 


tpR 


4 




5 


jliS 


INDEX low time 


10 


*IDX 


8 






0CYB 



Notes: 



(1) Willie the unit under test is performing a seek operation, the 
SENSE DEVICE STATUS command Is being executed for the 
other devices. 

(2) The minimum value for drive-side parameters is 50 ns less 
than the value expressed in jus. For example, 9.5 jus is actually 
9.450 JUS. 

(3) See figure 1 for timing measurement voltage thresholds. 
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AC Characteristics 5; 300 kb/s 

Ta = -10 to +70°C; Vdd = +5 V ±10%; 

MFM data transfer rate = 300 kb/s; 0cYA - 62.5 ns, 0cyb = 52.08 ns (19.2 MHz at XB1) 



Parameter 


Figure 


Symbol 


Min Typ 


Max 


Unit 


Conditions 


Main System Side 


AO, CS, DMAAK, ENRW setup time to RD 


2 


tAR 







ns 




AO, CS, DMAAK, ENRW hold time from RD 


2 


tRA 







ns 




M pulse width 


2 


*RR 


200 




ns 




Data access time from RD T 


2 


*RD 




140 


ns 




Data float delay time from RD t 


2 


tDF 


10 


85 


ns 




INT delay time from RD T 


2 


tRI 




400 


ns 


For data transfer In non-DMA mode 


AO, CS, DMAAK, ENRW, RSEL setup time to WR 


3 


*AW 







ns 




AO, CS, DMAAK, ENRW, RSEL hold time from 
WR 


3 


%A 







ns 




\KIO r\i ilea wiHth 
vvn puloo wiuu 1 




tww 


200 








Data setup time to WR 


3 




100 




ns 




Data hold time from WR 


3 









ns 




INT delay time from WR t 


3 


twi 




400 


ns 


For data transfer in non-DMA mode 


DMARQ cycle time 


4 


tjVICY 


21.7 




flS 




DMAAK i response time from DMARQ i 


4 


tMA 


333.3 




ns 




DMARQ delay time from DMAAK i 


4 


Um 




140 


ns 




DMAAK pulse width 


4 


Ua 


8 




0CYB 




RD i response time from DMARQ t 


4 


^MR 


208.3 




ns 




WR i response time from DMARQ T 


4 




416.7 




ns 




WR/RD response time from DMARQ T 


4 


^MRW 




20 


MS 




TC pulse width 


4 


tjc 


60 




ns 




RESET pulse width 


5 


*RST 


30 




^CYA 




Clock hold time at standby 


6 


*WC 


128 




^CYB 


When external clock is input to XB1 pin. 


Clock setup time at standby release 


6 


tew 


64 




0CYB 




START CLOCK command setup time to 
RESET STANDBY command 


6 




64 




^CYB 




INT response time from DMARQ i 


7 


*MI 


240 


308 


<^CYB 




Time from INT to invalidate DMAAK 


7 


tiA 




4 


^CYB 
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AC Characteristics 5; 300 kb/s (cont) 



Parameter 


Figure 


Symbol 


Min 


Typ 


Max 


Unit Conditions 


Drive Side 


RDATA active-low time 


8 


tRDD 


40 






ns 


WDATA active-low time 


8 


twDD 




416.7 




ns 


DS0-DS3 setup time to SIR 


9 


tDSD 


19 






ixs Note 2 


DIR setup time to STEP 


9 


bST 


1 






MS 


DS0-DS3 hold time after STEP 


9 


tSTU 


5 






MS 


STEP active-low time 


9 


tSTP 


6 


7 


8 


US 


DS0-DS3 hold time after DIR (Note 1) 


9 


toDS 


24 






MS 


DIR hold time after STEP 


9 


tSTD 


45 






MS 


STEP cycle time 


9 


tsc 


33 






MS 


FLTR active-low time 


10 


tpR 


8 




10 


MS 


INDEX low time 


10 


t|DX 


16 






0CYB 



Notes: 



(1) While the unit under test is performing a seek operation, the 
SENSE DEVICE STATUS command is being executed for the 
other devices. 

(2) The minimum value for drive-side parameters is 50 ns less 
than the value expressed In ms. For example, 19 ms is actually 
18.950 ms. 

(3) See figure 1 for timing measurement voltage thresholds. 
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Figure 2. Read Operation 
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Figure 3, Write Operation 
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Figure 4. DMA Operation 
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Figures. Reset Operattion 
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Figure. 6 Standby Operation 



External 
Clock 



(1) 



■ twc- 
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Notes: 

(1) SET STANDBY command write. 

(2) START CLOCK command write. 

(3) RESET STANDBY command write. 

(4) Wlien in standby mode the external clock should be 
fixed low. The standby current specifications cannot 
be met unless this is done. 



Figure 7. Overrun Operation 
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Figure 9, Seek Operation 
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Figurem FLTR and INDEX mvetorms 



Table f. Feature Comparison, pPD72067/e9/B9 



FLTR 



INDEX 
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MPD72067/68/69 

Table 1 compares features of ftPD72067, /*PD72068, and 
MPDPD72069 

Operation Modes 

Table 2 describes the external, Internal, and register 
modes of the itiPD72069 

Commands 

Table 3 describes the 15 commands and 10 subcom- 
mands of the i[APD72069. 







|iPD72067 


fiPD72068 


|ttPD72069 


FDD side 
external 
circuits 


Data 

sampling 

VFO 


Digital PLL 


Digital PLL 


Analog PLL 


built-in 


VWite 

compensation 




1^ 




Motor 
control 










Decoder 




\^ 


1^ 




Driver 








Correspondence to hlgli- 
speed data transmission 


500i(b/s 


500 kb/s 


1.0 Mb/8 


CPU side external 
circuits built-in 






1^ 



•k Circuits corresponding to IBM-PC (Address, DMARQ, and INT) 

Table 2. Operation HHodes 



Function 



Remarks 



External Sets the following parameters 
at the corresponding pins. 

• Data transmission speed 

• Write compensation value 

• Format (IBM/ECMA) 

• Motor control 



Part of the 
programs of 
j*PD765, 7265, 
72065, and 72066 
should be 
modified 



internal Sets the following parameters 
using the corresponding 
commands (software). 

• Data transmission speed 

• Write compensation value 

• Format (IBM/ECMA) 

• Motor control 



Part of the 
programs of 
jttPD765, 7265, 
72065, and 72066 
should be 
modified. 
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Table 2, Operation Modes (conp 



Tables. Commands and Subcommands (con^ 



Mode 



Function 



Remarks 



Register Corresponds to IBM-PC. 



A dedicated CPU 
side interface is 
built-in 

An FDD select 
(DS0-DS3) stop 
function is 
built-in. 



Tables. Commands and Subcommands 


Command Name 


Function 


Read Commands 


READ DATA 


Specifies a sector and transfers its data to 


READ DELETED 


the host. 


DATA 




READ ID 


Reads a sector ID. 


READ 


Checks the traci< format. 


DIAGNOSTIC 





SCAN EQUAL 



SCAN LOW OR 
EQUAL 

SCAN HIGH OR 
EQUAL 



Compares each sector data with host data 
and detects a sector that satisfies the set 
condition. 



Write Commands 


WRITE DATA 


Specifies a sector and transfers its data to 


WRITE DELETED 


the host. 


DATA 




WRITE ID 


Writes the format of a traci<. 


Seek Commands 


RECALIBRATE 


Moves the read/write head to the 




outermost track (track 0). 


SEEK 


Moves the read/write head to the specified 




cylinder. 


Sense Commands 


SENSE 


Reads the Interrupt factor (seek end/state 


INTERRUPT 


change) in the jiiPD72069. 


STATUS 




SENSE DEVICE 


Reads the FDD status. 


STATUS 




Initialize Command 


SPECIFY 


Defines a juPD72069 operation mode. 


Subcommands 


SET STANDBY 


Drives the juPD72069 in the standby status. 


RESET STANDBY 


Releases the |ttPD72069 from the standby 




status. 


SOFTWARE 


Initializes the juPD72069. 


RESET 





Command Name 


Function 


ENABLE 


Sets the jaPD72069 in External Mode. 


tXTcRNAL MUUc 






Cafe tha fiPr^79nftQ in IntArnAl fJlneitk AnH 


INTERNAL MODE 


sets both data transmission rate and 




precompensation value. 


ENABLE MOTORS 


Control On/Off of the spindle motoc 


SELECT FORMAT 


Selects either IBM or ECMA/ISO format 


START CLOCK 


Starts the clock generator operation. 


DATA TRANSFER 


Sets a data transmission rate. 


RATE 




PRECOMPENSATION 


Sets a precompensation value. 
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Interface With FDD 

Figure 11 is a reference circuit diagram of tiie direct 
connections between tlie aiPD72069 and a floppy-disl< 
drive. 



System Bus 

Table 4 lists tlie system clock XA or XB crystal appropri- 
ate for the selected floppy-disk drive 

Figure 12 is a reference circuit diagram of the interface 
between the jDtPD72069 and a system bus for data trans- 
mission in Internal or External mode. To prevent misse- 
lection of I/O ports during DiVIA cycles, the Address 
Enable (AEN) output of mPD71071 inhibits other I/O 
ports. 



Tabie 4, System dock Frequencies 









XA 


XB 


DR2-DR0 


Mod Type 


Data Rate (kb/s) 


16 MHZ 


19.2 MHz 


000 


FM 


125 








MFM 


250 


1^ 





Figure 11, fiPD720e9 to FDD interface 
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FDD Interface 



READ DATA 
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■ TWO SIDED 
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STEP 
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DRIVE SELECT 



- ENABLE MOTOR 3 
" ENABLE MOTOR 2 
" ENABLE MOTOR 1 

- ENABLE MOTOR 
PH (IBM FORMAT) 

JL (ECMA /ISO FORMAT) 



001 FM 250 1^ - 

MFM 500 - 

010 FM 300 - 

MFM ~" 600 ^ 

011 FM 300 - 

_ _ _ 

100 FM 250 1^ ^ 

101 FM 500 i> ~ 
MFM 1 Mb/s 1^ - 

110 FM 600 - i> 

111 FM 300 - 1^ 
MFM 600 - *^ 
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Figuie 12. JUPDZ2069 to Ho9t System Interface 
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HPD71071 
DMA Controller 
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Hard-Disk Controllers 



Section 6 

Hard-Disk Controllers 



MPD7261A/B 


6-3 


Hard-Disk Controllers 




/iPD7262 


6-39 


Enhanced Small-Disk Interface Controller 




/iPD72061 


6-67 


CMOS Hard-Disk Controller 




MPD72111 


6-69 


Small Computer System Interface Controller 
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//PD7261A/B 
Hard-Disk Controllers 



Pin Configuration 



SYNC 
R/W DATA 
R/W CLK 
RESET 
INT 



c 

C 2 

C 3 

C 4 

C 5 

ad 6 
:C 7 

3C 8 

5C 9 
^ C 10 

C 11 

OC 12 

1 C 13 

2 c: 14 

3 C 15 

4 C 16 
SC 17 
6C 18 
7 C 19 
DC 20 



40 □ Vcc 
39 □ BT1 
38 □ BTO 
37 □ CLK 



(RGATE) 
(WGATE) 



36 


D INDEX 




35 


J SOT 


(PCL) 


34 


HDSTG 


(PCE) 


33 


□ SSTG 


(DSD) 


32 


3 BDIR 


(SKC) 


31 


nfG3 


(TRKO) 


30 


□ tG2 


(READY) 


29 


D TGI 


(WFLT) 


28 


□ BT2 


(DSO) 


27 


□ BT3 


(DS1) 


26 


3BT4 


(HSO) 


25 


□ BT5 


(HS1) 


24 


□ BT6 


(HS2) 


23 


□ BT7 


(RWC) 


22 


□ BT8 


(STEP) 


21 


□ BT9 


(DIR) 



Note: Signals shown In parentheses are used in the ST506 mode. 
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Description 

The jL(PD7261A and /iPD7261B hard-disk controllers are 
intelligent microprocessor peripherals designed to con- 
trol a number of different types of disk drives. They are 
capable of supporting either hard-sector or soft-sector 
disks and provide all control signals that interface the 
controller with either SM D disk interfaces or ST506-type 
drives. The sophisticated instruction set minimizes the 
software overhead for the host microprocessor. By us- 
ing the DMA controller, the microprocessor needs only 
to load a few command bytes into the jLiPD7261A/7261B 
and all the data transfers associated with read, write, or 
format operations are done by the iL(PD7261A/7261B and 
the DMA controller. Extensive error reporting, verify 
commands, ECC, and CRC data error checking assure 
reliable controller operation. The /iPD7261A/7261B pro- 
vides internal address mark detection, ID verification, 
and CRC or ECC checking and verification. An eight- 
byte FIFO is used for loading command parameters and 
obtaining command results. This makes the structuring 
of software drivers a simple task. The FIFO is also used 
for buffering data during DMA read /write operations. 

Features 

□ Flexible interface to various types of hard disk 
drives 

□ Programmable track format 

□ Controls up to 8 drives in SMD mode; up to 4 drives 
inST506-type mode 

□ Parallel seek operation capability 

□ Multi-sector and multi-track transfer capability 

□ Data scan and data verify capability 

□ High-level commands, including: 

Read Data, Read ID, Write Data, Format, Scan Data, 
Verify Data, Verify ID, Check, Seek (normal or buf- 
fered), Recalibrate (normal or buffered). Read 
Diagnostic (SMD only). Specify, Sense Interrupt 
Status, Sense Unit Status, and Detect Error 

□ N RZ or MFM data format 

□ Maximum R/W CLK frequency: 
-12 MHz (7261 A) 
-18MHz(7261B-18) 
-23MHz(7261B-23) 

□ Error detection and correction capability 

□ Simple I/O structure: compatible with most 
microprocessors 

□ All inputs and outputs except clock pins are TTL- 
compatible (clock pins require pullup) 

□ Data transfers under DMA control 

□ NMOS 

□ Single +5-volt power supply 

□ 40-pin ceramic DIP 



Ordering Information 



Max Freq. 

Device Number Package lype of Operation 

/^PD7261AD 40-pin ceramic DIP 12l\/iHz 

MPD7261BD-18 40-pin ceramic DIP 18l\/IHz 

fiPD7261BD-23 40-pin ceramic DIP 23 MHz 



Pin identification 

No. Symbol Function 

Host Interface 

4 RESET Reset input 

5 INT Interrupt request output 

6 DREQ DMA request output 

7 TC Terminal count input 

8 CS Chip select input 

9 RD Read strobe input 

10 WR Write strobe input 

11 Aq Register select input 
12-19 D0-D7 Data I/O bus 

20 GND Ground 

37 CLOCK External clock input 

40 Vcc -t-5V power supply 
SMD Interface 

1 SYNC PLL synchronization 

output 

2 R/W DATA Read/write data I/O 

3 R / W CLK Read / write clock input 



NECEL-00347 
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Pin identification (cont) 



No. 


Symbol 


Function 


SMD Interface (cont) 


21-28, 38, 39 


BT9-BT0 


Bit 9-0 outputs /Status 
inputs 


29-31 


TGT-TG3 


Tag 1-3 output 


32 


BDIR 


Bit direction output 


33 


ssTg 


SR select tag output 


34 


USTG 


Unit select tag output 


35 


SCT 


Sector input 


36 


INDEX 


Sector zero input 


ST506-Type Interface 


1 


SYNC 


PLL lock / Read clock 
enable output 


2 


R/WDATA 


Read /write data I/O 


3 


R/WCLK 


Read/write clock input 


21 


DIR 


Direction in output 


22 


STEP 


Step pulse output 


23 


RWC 


Reduced write current 
output 


24-26 


HS2-HS0 


Head select outputs 2-0 


27, 28 


DS1, DSO 


Drive select outputs 1, 


29 


WFLT 


Write fault input 


30 


READY 


Ready input 


31 


TRKO 


Track zero input 


32 


SKC 


Seek complete input 


33 


DSD 


Drive selected input 


34 


PCE 


Precomp early output 


35 


PCL 


Precomp late output 


36 


INDEX 


Index input 


38 


WGATE 


Write gate output 


39 


RGATE 


Read gate output 



Pin Functions » Host interface 

RESET (Reset) 

When the RESET input is pulled high, it forces the de- 
vice into an idle state. The device remains idle until a 
connmand is issued to the system. 

INT (interrupt Request) 

The juPD7261A/7261B pulls the INT output high to re- 
quest an interrupt. 

DREQ (DMA Request) 

The iL(PD7261A/7261B pulls the DREQ output high to re- 
quest a DMA transfer between the disk controller and 
the memory. 



TC (Terminal Count) 

The TC input goes low to signal the final DMA transfer. 
CS (Chip Select) 

When the CS input is low, it enables reading from or writ- 
ing to the register selected by Aq. 

RD (Read Strobe) 

When the RD strobe is low, data is read from the se- 
lected register. 

WR (Write Strobe) 

When the WR input is low, data is written to the selected 
register. 

Aq (Register Select) 

The Aq input is connected to a non-multiplexed address 
bus line. When Aq Is high, it selects the command or sta- 
tus register. When it is low, it selects the data buffer. 

Do'D/ (Data Bus) 

D0-D7 are connected to the system data bus. 
CLOCK (Clock) 

The CLOCK input is the timing clock for the on-chip 
processor. 

Pin Functions— SI\/ID interface 

SYNC (PLL Synchronization) 

This o utpu t goes high after the read gate signal (BT1 
when TG3 = 0) is high and a given number of bytes 
(GPL2-2) has elapsed. 

R/W DATA (Read/Write Data) 

The R/W DATA pin outputs the write data to the drive, 
and inputs the read data from the drive. 

R/W CLK (Read/ Write Clock) 

R/W CLK is the input for the read and write clocks. 

BT9-BT0(Bit9-0) 

BT9-BT0 output the bit signals, bit 9-0. The bit 9-0 out- 
puts send cylinder and unit addresses to the drives. 
BT9-BT2 also act as inputs for status signals from the 
drives as shown in table 1. 
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Table 1. Bit and Control Information 



No. 


Bit 


Control 


21 


BT9 


Unit Selected 


22 


BT8 


Seek End 


23 


BT7 


Write Protected 


24 


BT6 




25 


BT5 


Unit Ready 


26 


BT4 


On Cylinder 


27 


BT3 


Seek Error 


28 


BT2 


Fault 



BT7-BT2 also read the device status 2 (SR7-SR2) and 
device type (DT7-DT2). The index and SCT pins read 
SRO, SR1 and DTO, DT1. 

BDIR(Bit Direction) 

The BDIR output deternnines whether pins 28-21 wjll 
output BT2-BT9 or input drive status signals. 

TG3-TG1 (Tag 3-1) 

TheTG outputs define the use of the BT pins. When TGI 
is low, BT9-BT0 output the cylinder address. Wh en T G2 
is low, BT7~BT0 select a head address. When TG3 is 
low, BT9-BT0 output control signals for the disk drive. 

SSTG (SR Select Tag) 

When the SSTG output is low, BT7-BT2, INDEX and SOT 
will be inputting SR7-SR0 or DT7-DT0. 

USTG (Unit Select Tag) 

When the USTG output is low, BT4-BT2 will be output- 
ting a unit address. 

INDEX (Index) 

The INDEX input goes high when the drive detects an 
index mark. INDEX also acts as the SRO and DTO input 
pin. 

SCT (Sector) 

The SOT input goes high when the drive detects a sector 
mark. SCT also acts as the SR1 and DT1 input pin. 

Pin Functions— ST506-TVpe interface 

SYNC (Read Clock Enable) 

SYNC indicates that a sync pattern has been detected 
and that synchronization has been achieved. 



R/W DATA (Read/Write Data) 

The R/W DATA pin outputs the write data to the drive, 
and inputs the read data from the drive. 

R/W CLK (Read/Write Clock) 

R/W CLK is the input for the read and write clocks. 

DIR (Direction In) 

The DIR output determines the direction the read/write 
head will move in when it receives a step pulse. DIR high 
will cause the head to move inward, DIR low will move 
the head outward. 

STEP (Step Pulse) 

STEP outputs the head step pulses. 

RWC (Reduced Write Current) 

The RWC output signals that the read/write head of the 
disk drive has selected a cylinder address larger than 
that specified in the SPECIFY command. This signal is 
used to reduce the write current. 

HS2-HS0 (Head Select 2-0) 

The HS2-HS0 outputs select the head. Up to 8 read/ 
write heads can be selected per drive. 

DS1, DSC (Drive Select 1,0) 

The DS1 and DSO outputs select one of up to 4 drives. 

WFLT (Write Fault) 

The WFLT input detects write faults. 

READY (Ready) 

The READY input detects the drive's ready state. 
TRKO (Track 0) 

The TRKO input signals that the head is at track 0. 

SKC (Seek Complete) 

The SKC input signals that a seek is complete. 

DSD (Drive Selected) 

The DSD input signals that the drive is selected. 
PCE(Precomp Early) 

When the PCE output is high, early write precompensa- 
tion is required. 

PCL (Precomp Late) 

When the PCL output is high, late write precompensa- 
tion is required. 
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INDEX (Index) 

The INDEX input goes high when the dnve detects the 
index mark. 



WGATE (Write Gate) 

WGATE output goes high when the /iPD7261A/7261B is 
writing data. 

RGATE (Read Gate) 

The RGATE output goes high when the mPD7261A/ 
7261B is reading from the disk. 

Block Diagram 



R/WCLK- 
BT1 (RGATE) - 
R/W DATA - 
BTO (WGATE) - 
SYNC 
(PCL)SCT- 
INDEX - 



Data Buffer 
8-byte FIFO 



Processing Unit 



Command/ 
Status Reg. 



WR- 

cs- 



Read 
Write/INT 

/DMA 
Control 



-CLK 
- RESET 



face 
Control 



Multifunction 
Disk 

Interface 
Lines 



ROM 
(Control Firmware) 



Absolute Maximum Ratings 


Operating temperature, Tqpt 


0°C to +70°C 


Storage temperature, Tstg 


-65°C to +150°C 


Voltage on any pin with respect to ground, Vcc 


-0.5to +7.0V* 


Input voltage, V| 


-0.5to-i-7.0V* 


Output voltage, Vq 


-0.5 to +7.0 V* 



Comment: Exposing the device to stresses above those listed in 
the Absolute Maximum Ratings could cause permanent dam- 
age. The device should not be operated under conditions outside 
the limits described In the operational sections of this 
specification. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 



DC Characteristics 

*/^PD7261B specifications are preliminary 

TA = Oto +70°C, Vcc= +5.0 V ±10% unless otherwise specified 









Limits 






Test 


Parameter 


Symbol 


MIn 


lyp 


Max 


Unit 


Conditions 


Input voltage 
low 


V|L1 


-0.5 




+0.8 


V 


All except CLK, 
R/WCLK 


Input voltage 
low 


V|L2 


-0.5 




+0.6 


V 


CLK, R/WCLK 


Input voltage 
high 


V|H1 


+2.0 




Vcc+0.5 V 


All except CLK, 
R/WCLK 


Input voltage 
high 


V|H2 


+3.3 




Vcc+0.5 V 


CLK, R/WCLK 


Output voltage 
low 


Vol 






+0.45 


V 


IOL=+2.0mA 


Output voltage 
high 


V0H1 


+2.4 






V 


Ioh=-100mA. 
all except pins 
21-34 


Output voltage 
high 


V0H2 








V 


IOH=-oO/^A, 
pins 21-34 


Input leakage 
current 








±10 




V|N=VcctO 
0.45 V, 

all except pins 
21-34 


Input leakage 
current 


'lI2 






-500 
(7261A) 


mA 


V,M = VcctO 
0.45 V; 










-700 
(7261B) 


mA 


pins 21-34 


Output leakage 
current 


Ilo 






±10 




VoUT=Vcc to 
0.45 V 


Supply current 


'cc 




250 


320 


mA 




Capacitance 

Ta = 25°C,Vcc = 0V 








Limits 




Test 


Parameter 


Symbol 


Min 




Max 


Unit 


Conditions 


Input 

capacitance 


C|N 






15 


PF 


(Notel) 


Output 
capacitance 


COUT 






15 


PF 


(Notel) 


Input /Output 
capacitance 


Cl/0 






20 


pF 


(Notel) 



Note: 

(1) f = 1 MHz, All unmeasured pins tied to GND. 



*Ta = 25°C 
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AC Characteristics 

Ta = to +70°C; Vcc = +5V ±10%; Cl = 100 pF (50 pF for 7261B-23) 













Limits 
















7261A 




7261B-18 




7261B-23 




Test 


Parameter 


Symbol 


MIn 


Max 


Min 


Max 


Min 


Max 


Unit 


Conditions 


Processor Interface 


Clock cycle 


^CY 


83 




55 




43 




ns 




Clock time, low 


tcL 


30 




20 




15 




ns 




Clock time, high 


tcH 


30 




20 




17 




ns 




Clock rise time 


tQR 




10 




10 




10 


ns 




Clock fall time 


tcF 




10 




10 




10 


ns 




Aq, CS setup to RD 


^AR 

















ns 




Aq, CS hold from RD 


^RA 

















ns 




RD pulse width 


tpp 


200 




100 




100 




ns 




Data delay from RD 


^RD 




150 




85 




85 


ns 




Output float delay 


^RDF 





100 





75 





75 


ns 




Data delay from Aq, CS 






150 




85 




85 


ns 




Aq, CS setup to WR 


Uw 

















ns 




Ao,CS hold from WR 


tWA 

















ns 




WR pulse width 


tww 


200 




100 




100 




ns 




Data setup to WR 




100 




55 




55 




ns 




Data hold from WR 




5 




5 




5 




ns 




Recovery time from RD, WR 




200 




70 




70 




ns 




Reset pulse width 


^RES 


100 




100 




100 




tCY 




TC pulse width 


tie 


100 




100 




80 




ns 




INT delay from WRt 


%l 




200 




200 




200 


ns 




DREG delay from WRt 






250 




125 




125 


ns 




DREQ delay from RD t 


tRRQI 




250 




160 




160 


ns 


During disk read 
operation 


DREQ delay from RDI 


^RRQ2 




150 




130 




100 


ns 


After disk read 
operation 


ST506-Type Interface 


R/W CLK cycle period 


tRWCY 


83 




83 




83 


ns 






R/WCLKtime, low 


^RWCL 


30 




30 




30 


ns 






R/W CLK time, high 


tRWCH 


30 




30 




30 


ns 






R/W CLK rise time 


tRWCR 




10 




10 




10 


ns 




R/W CLK fall time 


^RWCF 




10 




10 




10 


ns 




R/W DATA setup to R/W CLK 


tRDRC 


40 




35 




35 




ns 




R/W DATA hold from R/W 
CLK 


^RCRD 


5 




5 




5 




ns 




R/W DATA delay from R/W 
CLK 


twCWD 


35 


90 


10 


60 


10 


60 


ns 




RGATE delay from R/W CLK 


tpCRG 




300 




300 




300 


ns 




WGATE delay from R/W CLK 


%CWG 




150 




150 




150 


ns 




PCE/PCL delay from R/W 
CLK 


tRWCPC 


35 


110 


10 


80 


10 


80 


ns 




SYNC delay from R/W CLK 


tfiWCSY 




150 




150 




150 


ns 
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AC Characteristics (cent) 



Limits 









7261A 


7261B.18 




7261B-23 






Test 


Parameter 


Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Conditions 


ST506-Type interface (cont) 


DSO, DS1 setup to STEP 


toSST 


250 




250 




250 




ky 


Normal seek mode 


DIR setup to STEP 


tOiST 


200 




200 




200 




ky 




STEP pulse width 


tSTEP 


69 


85 


69 


85 


69 


85 






DSO, DS1 hold from STEP 


^STDS 


750 




750 




750 




^CY 


iMUiiiiai occrx iiiuuc, 

polling mode 


DIR hold from STEP 


^STDI 


750 




750 




750 




kv 




DSO, DS1 hold from SKC 


^SKDS 


100 




100 




100 




kv 


Normal seek mode; 
nonpolling 


DIR hold from SKC 


tSKDI 


100 




100 




100 




^CY 




DSO, DS1 setup to STEP 


bsSTB 


250 




250 




250 




tCY 


Buffered seek mode 


DIR setup to STEP 


toiSTB 


200 




200 




200 




tCY 




STEP pulse width 


tSTEPB 


69 


85 


69 


85 


69 


85 


^CY 




STEP cycle period 


tSTCY 


500 


660 


500 


660 


500 


660 


tCY 




DSO, DS1 hold from STEP 


tSTDSB 


200 




200 




200 




tCY 


Buffered seek mode; 
polling mode 


DIR hold from STEP 


^STDIB 


200 




200 




200 




tCY 




DSO, DS1 hold from SKC 


tSKDSB 


100 




100 




100 




^CY 


Buffered seek mode; 
nonpolling 


DIR hold from SKC 


tSKDIB 


100 




100 




100 




tCY 




Index pulse width 


t|DXF 


8 




8 




8 




tRWCY 




SIM D Interface 


R/W CLK cycle period 


tpWCY 


83 




55 




43 




ns 




R/WCLK time, low 


tRWCL 


30 




20 




15 




ns 




R/W CLK time, high 


tRWCH 


30 




20 




17 




ns 




R/WCLK rise time 


tRWCR 




10 




10 




10 


ns 




R/W CLK fall time 


^RWCF 




10 




10 




10 


ns 




R/W DATA setup to R/W CLK 


tRDRC 


40 




35 




35 


ns 






R/W DATA hold from R/W 
CLK 


^RCRD 


5 




5 




5 




ns 




R/W DATA delay from R/W 
CLK 


twCWD 


35 


90 


10 


60 


10 


50 


ns 




BT1 delay from R/W CLK 


^RCRG 




300 




300 




300 


ns 




BTO delay from R/W CLK 


twCWG 




150 




150 




150 


ns 




SYNC delay from R/WCLK 


tfiWOSY 




150 




150 




150 


ns 




BDIR setup to USTG 


^BDUT 


60 




60 




60 




tCY 


Unit select operation 


BDIR hold from USTG 


^UTBD 


15 




15 




15 




tCY 




Unit ADR setup to USTG 


^UAUT 


38 


52 


38 


52 


38 


52 


tCY 




Unit ADR hold from USTG 


tUTUA 


15 




15 




15 




tCY 




BDIR setup to TGI 


^BDTI 


27 


48 . 


27 


48 


27 


48 


kY 


Cylinder select 
operation 


BDIR hold from TGI 


tT1BD 


60 




60 




60 




tCY 





6-8 



/iPD7261AfB 



AC Characteristics (cent) 



Limits 









7261A 




7261B-18 




7261B-23 




Test 


Parameter 


Symbol 


Min 


Nlax 


MIn 


Max 


MIn 


Max 


Unit 


Conditions 


SMO Interface (cent) 


CYL. ADR setup to T61 


tCAT1 


27 


48 


27 


48 


27 


48 


tCY 


Cylinder select 
operation 


CYL ADR hold from TGi 


^TICA 


24 




24 




24 




tCY 




T61 pulse width 


^TGI 


24 


36 


24 


36 


24 


36 


tCY 




BDIR setup to TG2 


tBDT2 


15 




15 




15 




tCY 


Head select operation 


BDIR hold from TG2 


tT2BD 


70 




70 




70 




tCY 




HEAD ADR setup TG2 


tHAT2 


15 


70 


15 


70 


15 


70 


tCY 




HEAD ADR hold fromTG2 


tT2HA 


24 




24 




24 




tCY 




TG2, pulse width 


tTG2 


24 


36 


24 


36 


24 


36 


tCY 




BDIR setup to TG3 


tBDTS 


24 




24 




24 




tCY 


RT2, FAULT CLR, 
SERVO, DATA STB 
control timing 


BDIR hold fromTG3 


tlSBD 


24 


36 


24 


36 


24 


36 


tCY 




TG3, pulse width 




56 


100 


56 


100 


56 


100 


tCY 




BT2, 3,4,6, 7, 8 setup to 
TG3 


tens 




56 




56 




56 


^CY 




BT4,6holdfromTG3 


^T3BT1 


24 




24 




24 




k\ 




BT2, 3, 7. 8 hold fromTG3 


tT3BT2 


75 




75 




75 




tCY 




BDIR delay from SSTG 


^STBD 


24 




24 




24 




tcY 


Sense unit status 
timing 


BDIR high time 


tSDIR 


54 


66 


54 


66 


54 


66 


tCY 




BT9 setup to BDIR 


tSTBD 


38 


52 


,38 


52 


38 


52 


tCY 




BT9 hold from BDIR 


tBDBT 


24 


33 


24 


33 


24 


33 


tCY 




SSTG pulse width 


tSSTG 




370 




370 




370 


tCY 





Index pulse width tioxH 



SCT pulse width tscT 
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Timing Waveforms— Host System interface 

AC Test Points (Except R/W CLK, CLK) 



2.4 V • 
0.45 V . 



2.0/2.2V* ^ , B , . 2.0/2.2V 
0.8 V Test Points ^ 



CLK Waveform 




Read Timing 



3 


; X 


-tAR-H 


" tRR 'A 

I / 


*-tRA- 






' , V 

tRV H 

K— tRDF 


-^tRD-* 


s 




„ tAD " 


) 



Write Timing 




DMA Write Timing 



\ / 



-^twRQ— ♦ 



DMA Read Timing 



During Disk Read Operation 



After Disfc Read Operation 



y 



Reset Waveform 



RESET y 








k 




83-003484A 


tRES «► 



Timing Waveforms— SIMD interface 

R/W CLK Waveform 



Data Read /Write Timing 



tRDRC— H 



tRCRD 



R/W Data 
(Input) 



R/W Data 
(Output) 



x: 
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Timing Waveforms— SllfID Interface (cent) 

Read/Write Timing 



BT1 
(Read Gate) 



HtRC 



BTO 
(Write Gate) 



U ^twc 

_> 



<J ^ 



tRWCSY tRWCSY 



Unit Select Timing 



^ I Unit Address Valid ~^ 



Seefc Timing 



Cylinder Address Valid 



Head Se/ecf T/m/ng 



*-tBDT2- 



Head Address Valid 




X 



Bit Bus Timing, Fault Clear/Return-to-Zero 




Bit Bus Timing, Servo Offset/Data Strobe 



X 



xz 



Bit Bus 9 Timing 



r 



Index Waveform 




Sector Waveform 
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Timing Waveforms— STS06-Type interface 

Data Read/Write Operation 



tRDRC— H 



R/W Data 
(Input) 



R/W Data 
(Output) 



Read /Write Operation 



— Htwcv 



3C 



tRWCSY tRWCSY 



V 



R/W CLK Waveform 



*— tRWCL-* 



Index Waveform 









INDEX y 


t 5 


k 




83-004203A 


tiDXF *- 



Normal Seek Operation 



Polling Mode 



X 



Non-Polling Mode 

"■-D C 



3C 



1 



IDIST — 
l*-tSTEP-* 



Buffered Seek Operation 



Polling Mode 



'DC 



3C 



X 



tOiSTB tSTEPB 



Non-Polling Mode 



X 



x: 



tDISTB tSTEPB 



f 
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Timing Waveforms— ST506-TVpe Interface 
(cent) 

Read/ Write Sequence (Qisk Command Issue) 



Parameter Disk 
Writes Command 
issue 



iNT STR Resuit 
Req. Read Status 



'nun' 



Parameter Another 
Writes Disl( 

I Command 
1 — I — , issue 

'inn' I 



CB 



CEH +CEL 
INT ~ 
SRQ 



T^' 



(CLCE Command issue) 
ff 



Sense Interrupt Status Request When Controller 
Not Busy 



INT STR SENSE INT 
Req. Read STATUS 
I I Command 



INT STR Resuit 
Req. Read Status 



CB 



CEH + CEL 

INT 

SRQ 



Sense Interrupt Status Request When Controller Busy 



INT STR HSRQ INT STR Resuit CLCE SENSE INT INT 
Req. Read Command Req. Read Status Command STATUS Req. 
I I Issue I I Reads Issue Command 

issue 



'nn' 



CB 

CEH + CEL 
INT I" 

SRQ r 



U- — I 

SRQ iVIask (SRQM) Is Set 




High-Levei Commands 

Specify 

Allows user to select SMD or ST506-type mode data 
block length, ending track number, end sector number, 
gap length, track at which write current is reduced, ECC 
or CRC function, choice of polynomial, and polling 
mode enable. 

Sense Interrupt Status 

When a change of disk status occurs, the HDC will inter- 
rupt the host CPU. This command will reveal the cause 
of interrupt, such as seek end, disk ready change, seek 
error, or equipment check. The disk unit address is also 
supplied. 

Sense Unit Status 

The host CPU specifies the drive numbers and the HDC 
will return information such as write fault, ready, track 
000, seek complete and drive selected, or for SMD units 
fault, seek error, on cylinder, unit ready, AM found, write 
protected, seek end, and unit selected. 

Detect Error 

Used after a read operation where ECC has been em- 
ployed. The detect error command supplies the infor- 
mation needed to allow the host CPU to execute an error 
correction routine. (Only allowed when an actual cor- 
rectable error is detected by the HDC.) 

Recalibrate 

Returns the disk drive heads to the home position or 
track 000 position. Has four modes of operation: SMD, 
normal, buffered, or nonpolling. 
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Seek 

Moves the disk drive heads to the specified cylinder. As 
In recalibrate, seek has four modes of operation. 

Format 

This command is used to initialize the medium with the 
desired format which includes various gap lengths, 
data patterns, and CRC codes. This command is used in 
conjunction with the specify command. 

Verify ID 

Used to verify the ID bytes with data from memory. Per- 
forms the operation over a specified number of sectors. 

Read ID 

Used to verify the position of the read /write heads. 
Read Diagnostic 

Used in SMD mode only, the command allows the pro- 
grammer to read a sector of data even if the ID portion of 
the sector Is defective. Only one sector at a time can be 
read. 

Read Data 

Reads and transfers to the system memory the number 
of Sectors specified. The HDC can read multiple sectors 
and multiple tracks with one instruction. 

Scan 

Compares a specified block of memory with specified 
sectors on the disk. The 7261A/7261B continues until a 
sector with matching data is found, until the sector 
count reaches zero, or the end of the cylinder Is 
reached. 

Verify Data 

Makes a sector-by-sector comparison of data In the sys- 
tem memory by DMA transfer. As In read operation, mul- 
tiple sectors and tracks may be verified with this 
commmand. 



Write Data 

Data from the system memory, transferred by DMA, is 
written onto the specified disk unit. As In the read com- 
mand, data may be written onto successive sectors and 
tracks. 

Auxiliary Command 

Allows four additional functions to be executed: soft- 
ware reset, clear data buffer, mask interrupt request bit 
(masks interrupts caused by change of status of drives), 
and reset Interrupt caused by command termination 
(used when no further disk commands will be Issued, 
which would normally reset the Interrupt). 

Command Operation 

There are three phases for most of the Instructlpns that 
the /iPD7261A/7261B can execute: command phase, ex- 
ecution phase, and result phase. During the command 
phase the host CPU loads preset parameters into the 
/iPD7261A/7261B FIFO via the data bus and by succes- 
sive write pulses to the part with Aq and CS true low. 
Once the required parameter bytes are loaded the ap- 
propriate command is initiated by Issuing a write pulse 
with Ao high and CS low and the command code on the 
data bus. 

The jL(PD7261A/ 7261 B is now In the execution phase. 
This can be verified by examining the status register bit 
7 (the controller busy bit). The execution phase is ended 
when a normal termination or an abnormal termination 
occurs. An abnormal termination can occur due to a 
read or write error, or a change of status in the ad- 
dressed disk drive. A normal termination occurs when 
the command given is correctly completed. (This is indi- 
cated by bits in the status register.) The result phase is 
then entered. The host CPU may read various result pa- 
rameters from the FIFO. These result parameters may 
be useful in determining the cause of an interrupt, or the 
location of a sector causing a read error, for example. 

The chart shown in table 2 illustrates the preset 
parameters and result parameters that are associated 
with each command. The abbreviations are defined at 
the end of table 2. 
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Table 2. Preset Parameters and Result Status Byte 



Disk 


Command 








Preset Parameters /Result Status 






Command 


Code 


1st 


2nd 


3rd 


4th 


5th 


6th 


7th 


8th 


Detect error 


0100X 


EADH 


EADL 


EPT1 


EPT2 


EPT3 








Recalibrate 


0101[B] 


1ST* 
















Seek 


0110[B] 


PCNH 
1ST* 


PCNL 














Format 


0111(S) 


PHN 
EST 


(PSN) 
SCNT 


SCNT 


DPAT 


GPL1 


[GPL3] 






Verify ID 


1000(S) 


PHN 
EST 


(PSN) 
SCNT 


SCNT 












Read ID 


1001(S) 


PHN 
EST 


(PSN) 
SCNT 


SCNT 












(Read diagnostic) 


1010X 


PHN 
EST 


PSN 














Read data 


1011X 


PHN 


(FLAG) 


LCNH 


LCNL 


LHN 


LSN 


SCNT 








EST 


PHN 


(FLAG) 


LCNH 


LCNL 


LHN 


LSN 


SCNT 


Check 


1100X 


PHN 


(FLAG) 


LCNH 


LCNL 


LHN 


LSN 


SCNT 








EST 


PHN 


(FLAG) 


LCNH 


LCNL 


LHN 


LSN 


SCNT 


Scan 


1101X 


PHN 


(FLAG) 


LCNH 


LCNL 


LHN 


LSN 


SCNT 








EST 


PHN 


(FLAG) 


LCNH 


LCNL 


LHN 


LSN 


SCNT 


Verify data 


1110X 


PHN 


(FLAG) 


LCNH 


LCNL 


LHN 


LSN 


SCNT 








EST 


PHN 


(FLAG) 


LCNH 


LCNL 


LHN 


LSN 


SCNT 


Write data 


1111X 


PHN 


(FLAG) 


LCNH 


LCNL 


LHN 


LSN 


SCNT 








EST 


PHN 


(FLAG) 


LCNH 


LCNL 


LHN 


LSN 


SCNT 


Sense interrupt 
status 


0001X 


1ST 
















Specify 


0010X 


MODE 


DTLH 


DTLL 


ETN 


ESN 


GPL2 


(MGPL1) 


[RWCL] 



[RWCH] 



Sense unit status 0011X 

UST 

Note: 

(): These are onnitted for soft-sector disks. 

[ ]: These are omitted for hard-sector disks. 

*: 1ST available as a result byte only when in nonpolling nnode. 

B: Indicates buffered nnode when set. 

S: Indicates Skewed nnode (SMD only) when set. 

X: Indicates don't care. 

Mnemonic Definitions 

EADH Error address, high byte 

EADL Error address, low byte 

EPT1 Error pattern, byte one 

EPT2 Error pattern, byte two 

EPT3 Error pattern, byte three 

PCNH Physical cylinder number, high byte 



Mnemonic Definitions (cont) 



PCNL 


Physical cylinder number, low byte 


PHN 


Physical head number 


PSN 


Physical sector number 


SCNT 


Sector count 


DPAT 


Data pattern 


GPL1 


Gap length one 


GPL3 


Gap length three 


EST 


Error status byte 


FLAG 


Flag byte 


LCNH 


Logical cylinder number, high byte 
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Mnemonic Definitions (cont) 

LCNL Logical cylinder number, low byte 

LHN Logical head number 

LSN Logical sector number 

1ST Interrupt status byte 

MODE Mode 

DTLH Data length, high byte 

DTLL Data length, low byte 

ETN Ending track number 

ESN Ending sector number 

GPL2 Gap length two 

RWCL Write current cylinder, low byte 

RWCH Write current cylinder, high byte 

UST Unit status byte 

MGPL1 Modified gap length 1 

Status Register 

This register is a read only register and may be read by 
asserting RD and CS with Aq high. The status register 
may be read at any time. It is used to determine control- 
ler status and partial result status. See table 3. 

Table 3. Status Register Bits 



Table 3. Status Register Bits (cont) 



Pin 



No. 



Name 



Function 



D7 



CB 

(Controller busy) 



Set by a disk command issue. Cleared 
when the command is completed. 
(This bit is also set by an external re- 
set signal or an RST command, but 
will be cleared at the completion of the 
reset function.) When this bit is set, a 
new disk command will not be ac- 



De, D5 CEH.CEL CEH = OandCEL=0 

(Command end) A disk command is in process, or no 

disk command is issued after the last 
reset signal or the last CLCE auxiliary 
command. Both the CEH and CEL bits 
are cleared by a disk command, a 
CLCE auxiliary command, or a reset 
signal. 

CEH = 0andCEL=1 
Abnormal termination of a disk com- 
mand. Execution of a disk command 
was started, but was not successfully 
completed. 

CEH = 1andCEL=0 
Normal termination of a disk com- 
mand. The execution of a disk 
command was completed and prop- 
erly executed. 

CEH = 1andCEL='i 
Invalid command issue. 



Pin 



No. 



D3 RRQ 

(Reset request) 



D2 lER 

(ID error) 



Di NCI 

(Not coincident) 



Do DRQ 

(Data request) 



Function 



D4 SRQ When a seek end, an equipment 

(Sense interrupt check condition, or a ready signal 

status request) state change is detected, this bit is set 

requesting a sense interrupt status 
command be issued to take the de- 
tailed information. This bit is cleared 
by an issue of that command or by a 
reset signal. 



Set when controller has lost control of 
the format controller (missing address 
mark, for example). An auxiliary RST 
command or RESET signal will clear 
this bit. 



Set when a CRC error is detected in 
the ID field. An auxiliary RST or an- 
other disk command will reset this bit. 



Set if the controller cannot find a sec- 
tor on the cylinder which meets the 
comparison condition during the exe- 
cution of a scan command. This bit is 
also set if data from the disk does not 
coincide with the data from the sys- 
tem during a verify ID or a verify data 
command. This bit is cleared by a disk 
command or a reset signal . 



During execution of write ID, verify ID, 
scan, verify data, or a write data com- 
mand, this bit is set to request that 
data be written into the data buffer. 
During execution of read ID, read di- 
agnostic, or read data command, this 
bit is set to request that data be read 
from the data buffer. 
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Error Status Byte 

This byte is available to the host at the termination of a 
read, write, or data verification command and provides 
additional error information to the host CPU. If the sta- 
tus register indicates a normal command termination, it 
can be assumed that the command was executed with- 
out error and it is not necessary to read this byte. When 
it is necessary to determine the cause of an error this 
byte may be read by issuing an RD pulse with CS and Aq 
low. The remaining result bytes associated with a partic- 
ular command may be read by issuing additional RD 
pulses. Data transfer from or to the FIFO is asynchron- 
ous and may occur at rates up to 2.5 Mbytes per second. 
See table 4. 



Table 4. Error Status Bits 



Pin 


No. 


Name 


Function 


D7 


ENC 

(End of cylinder) 


Set when the controller tries to access 
a sector beyond the final sector of a 
cylinder. 

Cleared by a disk command or an aux- 
iliary RST command. 


De 


OVR 

(Overrun) 


When set, indicates that the FIFO be- 
came full during a read operation, or 
empty during a write operation. 


D5 


DER 

(Data error) 


A ORG or an EGG error was detected in 
the data field. 


D4 


EQC 

(Equipment checl<) 


A fault signal from the drive has been 
detected or a track signal has not 
been returned within a certain time in- 
terval after the recalibrate command 
was issued. 


Ds 


NR 

(Not ready) 


The drive is not in ready state. 


D2 


ND 

(No data) 


The sector specified by ID parameters 
was not found on the track. 


Dl 


NWR 

(Not writable) 


Set if write protect signal is detected 
when the controller tries to write on 
the disk. It is cleared by a disk com- 
mand or by an auxiliary RST com- 
mand. 


Do 


MAM 

(Missing address mark) 


This bit is set if during execution of 
read data, check, scan, or verify data 



commands, no address mark was 
found in the data field or if during exe- 
cution of a read ID or verify ID com- 
mand, no address mark was detected 
in the ID field. 



Interrupt Status Byte 

This byte is made available to the host CPU by exe- 
cuting the Sense Interrupt Status command. This com- 
mand should be issued only when the fiPD7261A/7261B 
requests it, as indicated by bit D4 of the status register. 
This byte reveals changes in disk drive status that have 
occurred. See table 5. 



Table 5. Interrupt Status Bits 



Pin 


No. 


Name 


Function 


D7 


SEN 

(Seek end) 


A seek end or seek complete signal 
has been returned after a seek or a re- 
calibrate command was issued. 


De 


RC 

(Ready change) 


The state of the ready signal from the 
drives has changed. The state itself is 
indicated by the NR bit. 


D5 


SER 

(Seek error) 


Seek error has been detected on seek 
end. 


D4 


EQG 

(Equipment check) 


Identical to bit 4 of the error status 
byte. 


D3 


NR 

(Not ready) 


Identical to bit 3 of the error status 
byte. 


D2-D0 


UA2-UA0 
(Unit address) 


The unit address of the drive which 
caused an interrupt request on any of 
the above conditions. 



Drive Interface 

The /LiPD7261A/7261B has been designed to implement 
two of the more popular types of interfaces: the SMD 
(Storage Module Drive) and the floppy-like Winchester 
drive which has come to be known as the ST506 inter- 
face. The desired interface mode is selected by the 
Specify command. 

ST506-Type Interface 

In the ST506 mode the /:iPD7261A/7261B performs MFM 
encoding and decoding at data rates to 6 MHz and pro- 
vides all necessary drive interface signals. Included in- 
ternally is circuitry for address mark detection, sync 
area recognition, serial-to-parallel-to-serial conversion, 
an 8-byte FIFO for data buffering, and circuitry for logi- 
cal addressing of the drives. External circuitry required 
consists of control signal buffering, a delay network for 
precompensation, a phase-lock loop, a write clock os- 
cillator and a differential transceiver for drive data. The 
floppy-like interface can be implemented with as few as 
7 IC's using NEC's hard-disk interface chip, the 
/iPD9306A, or with 12 to 14 SSI ICs. See figure 1. 
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Figure t fAPD7261A/7261B ST506Type Interface 



Figure 2. ^PD7261A/7261B SMD interface 



+ READ DATA 
- READ DATA 




SMD Interface 

In the SMD mode the jLtPD7261A/7261B will support data 
rates to 10MHz/15MHz in the NRZ format. All control 
functions necessary for an SMD interface are Imple- 
mented on-chip with de-multiplexing of 8 data lines per- 
formed externally by a single 8-bit latch. A small amount 
of logic is required to multiplex the data and clock lines, 
and differential drivers and receivers are required to im- 
plement the actual interface. Depending on individual 
logic design and the number of drives used, the SMD in- 
terface may be implemented with as few as 12 ICs. See 
figure 2. 

Note: 

CLK (pin 37) frequency must be a minimum of 1,1 x NRZ data rate. 

Internal Architecture 

TheMPD7261A/7261B can be divided into three major in- 
ternal logic blocks: command processor; format con- 
troller; microprocessor interface. 

Command Processor 

The command processor is an 8-bit microprocessor 
with its own instruction set, program ROM, scratchpad 
RAM, ALU, and I/O interface. Its major functions are: 



SYNC 
R/W CLK 



BTO 
BT1 
INDEX 
SCT 
TGI 
fG2 
fG3 
SSTG 
USTG 



BT2 
BT3 
BT4 
BT5 
BT6 
BT7 
BT8 



— WRITE CLOCK 
SERVO CLOCK 
READ CLOCK 

— WRITE DATA 

— READ DATA 
BITO 

— BIT 1 
INDEX 
SECTOR 
TAG 1 

— TAG 2 

— TAG 3 

— SR SELECT TAG 

— UNIT SELECT TAG 



BIT 2 
BITS 

— BIT 4 

— BITS 
BIT 6 
BIT 7 

— BITS 

— BIT 9 



FAULT/(SR2)/(DT2) 
SEEK ERROR/ 
~(SR3)/(DT3) 
ON CYLINDER/ 
(SR4)/(DT4) 
—UNIT READY/ 
(SR5)/(DT5) 
— (SR6)/(DT6) 

WRITE PROTECTED/ 

(SR7)/(DT7) 
SEEK END 

—UNIT SELECTED 



-UNIT SELO 
TX |— UNITSEL1 
.— UNITSEL2 



□ To decode the commands from the host microcom- 
puter that are received through the 8-bit data bus 

□ To execute seek and recalibrate commands 

□ To interface to the drives and read the drive status 
lines 

□ To load the format controller with the appropriate 
microcode, enabling it to execute the various read/ 
write data commands. 

The command processor microprocessor is idle until it 
receives the command from the host microcomputer. It 
then reads the parameter bytes from the FIFO, and 
loads them into its RAM. The command byte is decoded 
and, depending on its opcode, the appropriate subrou- 
tine from the 2.6K internal ROM is selected and exe- 
cuted. Some of these commands are executed by the 
command processor without involvement of the format 
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controller. When data transfers to and from the disk are 
made, the command processor loads the appropriate 
microcode into the format controller, then relinquishes 
control. When the data transfer is complete, the com- 
mand processor again takes control. One other impor- 
tant function that the command processor performs is 
managing the interface to the disk drives. The com- 
mand processor contains an I/O port structure similar 
to many single-chip microcomputers in that the ports 
may be configured as input or output pins. Depending 
on the mode of operation selected by the Specify com- 
mand, the command processor will use the bidirec- 
tional I/O lines for different functions. 

Command Register 

This register is a write only register. It is selected when 
the Ao input is high and the OS input is low. There are 
two kinds of commands: disk commands and auxiliary 
commands. Each command format is shown in figure 3. 

An auxiliary command is accepted at any time and is 
Immediately executed, while a disk command is ig- 
nored if the on-chip processor is busy processing an- 
other disk corhmand. A valid disk command causes the 
processor to begin execution using the parameters pre- 
viously loaded into the data buffer. Disk commands and 
the parameters needed are described in the Micro- 
processor Interface section. 

Command Codes 



Figure 3. Disk Command Byte 



CC4-CC0 














X 


(Auxiliary Command) , 











1 


X 


Sense int. status (Note 1) 








1 





X 


Specify (Note 1) 








1 


1 


X 


Sense unit status 





1 








X 


Detect error (Note 1) 





1 





1 


[B] 


Recalibrate 





1 


1 





[B] 


Seek 





1 




1 ■ 




Format 


1 











[S] 


Verify ID 


1 








1 


[S] 


Read ID 


1 





1 





X 


Read diagnostic 


1 





1 


1 


X 


Read data 


1 


1 








X 


Check 


'1 


1 





1 


X 


Scan 


1 


1 


1 





X 


Verify data 


1 


1 


1 


1 


X 


Write data 



Note: 

(1) The UA field Is 000. 

[B] Indicates buffered nnode when set. 

[S] Indicates skewed mode when set. 





1 CC4 


003 1 002 1 001 


000 


UA2 1 UA1 1 UAO 1 


1 III 




1 

Oommand Code 




1 

Unit Address (UA) . 



Format Controller 

The format controller is built with logic that enables it to 
execute instructions at very high speed: one instruction 
per single clock cycle. The major functions it performs 
are: 

□ Serial-to-parallel and parallel-to-serial data 
conversion 

□ CRC and ECC generation and checking 

□ MFM data decoding and encoding 

□ Write precompensation 

□ Address mark detection and generation 

□ ID field search in soft-sector format 

□ DMA data transfer control during read /write 
operations. 

The major blocks in the format controller are the se- 
quencer and the serial /parallel data handler. The se- 
quencer consists of a writable control store (32 words 
by 16 bits), a program counter, branch logic, and the pa- 
rameter register. The serial/parallel logic consists of a 
parallel-to-serial converter for disk write operations, a 
serial-to-parallel converter for disk read operations, pre- 
compensation logic for writing MFM data, comparator 
logic that locates sync fields, address marks, and ID 
fields. There is also comparator logic that is used during 
Verify Data commands. See figure 4. 

Figure 4. Block Diagram of the Format Controller 



Write Data , 
Precomp., Early - 
Precomp. Late " 



WR Data Control 



P-S/S-P 
Converter 



Check Code 
Register 



Comparator 
1 



Parameter 
Registers 
1 



Comparator 

t 



Program Counter 
step and Branch 
Logic 
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Microprocessor Interface 

Read/Write Control. The internal registers are selected 
as shown In truth table 6. 



Table 6. Register Selection Table 





Ao 


RD 


WR 


Selection 











1 


Data buffer register (Note 1) 








1 





Data buffer register (Note 1) 





1 





1 


Status register 





1 


1 





Command register 





X 


1 


1 


Don't care 


1 


X 


X 


X 


Don't care 





X 








Inliibited 



Note: 



(1) Preset parameters and result status information are written and 
read from the result status register in the HDC through this data 
buffer register. 

Interrupt. The interrupt request line is activated or inac- 
tivated according to the following equation: 

INT = CEH + GEL + SRQ • SRQM 

This means that if either of the command end bits is set 
or If thesense interrupt status request bit is set (and the 
SRQM mask is not set), then an interrupt will be gener- 
ated. The command end bits, CEH and CEL, are set by 
command termination. 

The SRQ bit is set when an equipment check condition 
or a state change of the ready signal from the disk drives 
is detected. It is also set when a seek operation is com- 
pleted. Under these conditions the INT line isactivated 
unless the SRQM mask is set. 

Both of the CEH and CEL bits are cleared by a disk com- 
mand, but both bits may be cleared before the next disk 
command by issuing a CLCE auxiliary command. 

The interrupt caused by the SRQ bit indicates that a 
sense interrupt status command should be Issued by 
the host microprocessor so that it can determine the ex- 
act cause of the interrupt. However, the >iPD7261A/ 
7261B may be processing a disk command when the 
Interrupt occurs. Since it is not possible to issue a disk 
command while the jL(PD7261A/7261B is busy, an HSRQ 
auxiliary command can be issued to set the SRQM 
(sense Interrupt request mask) and mask the interrupt. 
The SRQM is reset upon completion of the disk com- 
mand In progress. 

DMA Control. When true, the DREQ pin and the DRQ 
(data request) bit of the status register indicate a re- 
quest for data transfer between the disk controller and 
external memory. These are activated during execution 
of the following disk commands: 



HDC*- memory: Format, Verify ID, Scan, 
Verify Data, Write Data 

HDC-* memory: Read ID, Read Diagnostic, 
Read Data 

Data being read from a disk or external memory is tem- 
porarily stored in the data buffer (8 bytes maximum), 
and is transferred to external memory or a disk, respec- 
tively. 

Data transfers are terminated externally by a reset sig- 
nal or by a read or a write data operation coinciding with 
an active terminal count (TC) signal. They are also termi- 
nated internally when an abnormal condition is de- 
tected or all the data specified by the sector count 
parameter (SCNT) has been transferred. 

Data transfers are accomplished by RD or WR signals to 
theMPD7261A/7261B when DREQ Is active. During read 
operations, DREQ goes active when the Fl FO contains 
three or more bytes. If the FIFO contains three bytes and 
an RD pulse is issued, DREQ goes low within Irrqi. 
DREQ will stay active on the final sector until the final 
byte is extracted. In this case, DREQ goes low within 
tRRQ2- During write operations DREQ Is asserted as 
soon as a Write Data command is accepted. DREQ re- 
mains high until the FIFO contains six bytes, at which 
time It goes low within twAl- DREQ correspondsto FIFO 
almost-full and FIFO almost-empty as implemented In 
the mPD7261A/7261B. This has been done so that a fast 
DMA controller may actually overrun the FIFO by one or 
two bytes without harm. 

Commands 



Recalibrate 







0101B 


1ST* 



The read/write heads of the specified drive are retracted 
to the cylinder position. 1ST is available as a result byte 
only if polling mode is disabled. See Specify. 

Hard-Sector. An RTZ (Return to Zero) signal is asserted 
on the bit-6 line with the TAG-3 bit being set. Then the 
CEH bit of the status register is set indicating a normal 
termination of the command. 

After this command is given, the HDC checks the seek 
end, unit ready, and fault lines of the drive continually 
until an active signal is detected on these lines. Then 
the SRQ bit of the status register is set Indicating that a 
sense interrupt status command should be performed. 
Each bit of the 1ST (interrupt status) byte is set accord- 
ing to the result, in anticipation of the sense interrupt 
status command. 
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Soft-Sector. There are four different ways to implement 
tlie Recalibrate command when the ST506 interface 
mode has been specified. Both polling and nonpolling 
modes of operation are provided, with both normal or 
buffered Recalibrate commands available in either 
mode. 

Normal Mode with Polling. The CEH bit of EST is set to 1 

immediately after the Recalibrate command Is issued (a 
Recalibrate command may now be issued to another 
drive). The HDC now begins generating step pulses at 
the specified rate. The PCN for the drive is cleared and 
the TRKO signal is checked while stepping pulses are 
sent to one or more drives. When TRKO is asserted, the 
SEN (seek end) bit of the 1ST (interrupt status) byte is set 
and the SRQ bit of the status register is set. This causes 
an interrupt and requests that a sense interrupt status 
command be issued. If 1023 pulses have been sent and 
TRKO is not asserted, then the SRQ bit is again set, but 
with the SER (seek error) and EQC (equipment check) 
bits of the 1ST byte set. The ready signal of each drive is 
checked before each step pulse is sent, and the Recali- 
brate command is terminated if the drive enters a not- 
ready state, whereby the NR bit of the 1ST byte is set to 1. 

Normal Mode with Polling Disabled. Operation is simi- 
lar to that in "Normal Mode with Polling", but the CEH 
and CEL bits of the status register are not set until 
either the SEN (seek end) or the SER (seek error) condi- 
tion occurs. The SRQ bit is not set when polling is dis- 
abled, and the 1ST byte is now available as a result byte 
when the Recalibrate command is terminated (see "Pre- 
set Parameters and Result Status Bytes"). It is not possi- 
ble to overlap Recalibrate operations in this mode. 

Buffered Mode with Polling. This mode operates in a 
manner similar to that described as "Normal Mode with 
Polling", but with the following differences: 

(1) 1023 step pulses are sent at a high rate of speed (ap- 
proximately dOjxs between pulses) 

(2) After the required number of pulses are sent, the 
CEH bit is set, and then additional Recalibrate or Seek 
commands will be accepted for other drives 

(3) The SRQ bit Is set when the drive asserts SKC, 
which causes the SEN bit of the 1ST byte to be set 

(4) If SEN is not set within the time it takes to send 1023 
"normal" pulses (i.e., when in normal stepping mode), 
then SER and EQC of the 1ST byte are set. 

Buffered Mode with Polling Disabled. 1023 stepping 
pulses are immediately sent after the Recalibrate com- 
mand is issued. CEH and/or CEL is set when SEN or 
SER occurs. SEN is set when TRKO from the addressed 
drive is asserted. SER is set if TRKO is not asserted 
within the time required to send 1023 "normal" pulses. 
The Recalibrate command will be terminated abnor- 
mally if a not-ready condition occurs prior to SEN being 



set. The SRQ bit of the status register is not set. The 1ST 
byte (interrupt status) is available as a result byte when 
either CEH or CEL is set. 

Seek 



PCNH 
PCNL 



Physical Cylinder Number, High Byte 
Physical Cylinder Number, Low Byte 



The read /write heads of the specified drive are moved to 
the cylinder specified by PCNH and PCNL 1ST is availa- 
ble as a result byte only if polling mode is disabled. See 
Specify. 

Hard-Sector. The contents of PCNH and PCNL are as- 
serted on the BITO through BIT9 output lines of the SMD 
interface with the TAG1 control line being set. (The most 
significant six bits of PCNH are not used.) The CEH bit 
of the status register is then set, and the command is 
terminated normally. 

The HDC then checks the seek end, unit ready and fault 
lines of the drive continually until an active signal is de- 
tected on these lines. The SRQ bit of the status register 
is then set requesting that a Sense Interrupt Status 
command be performed. Each bit of the 1ST (interrupt 
status) byte is set appropriately in anticipation of the 
Sense Interrupt Status command. 

Soft-Sector (Normal Stepping, Polling Enabled). In this 
mode, the CEH bit of the status register is set to 1 as 
soon as the Seek command is issued. This allows a 
Seek or Recalibrate command to be issued to another 
drive. The HDC now sends stepping pulses at the speci- 
fied rate and monitors the ready signal. Should the drive 
enter a not-ready state, the SER bit of the 1ST byte is set 
and the SRQ bit of the status register is set, causing an 
interrupt and requesting a Sense Interrupt Status com- 
mand. When the drive asserts the seek complete (SKC) 
signal, the SEN bit of the 1ST byte is set and the SRQ bit 
of the status register is set, again requesting service. 

Soft-Sector (Normal Stepping, Polling Disabled). Step- 
ping pulses to the drive begin as soon as the Seek com- 
' mand is accepted. The ready signal is checked prior to 
each step pulse. If the drive enters a not-ready state the 
seek command is terminated abnormally (CEL = 1), and 
SER of the 1ST byte is set. If the seek operation is suc- 
cessful, the seek command will be terminated normally 
(CEH = 1) when the drive asserts SKC (seek complete). 
The SEN (seek end) bit of the 1ST byte is set and the 1ST 
(interrupt status) byte Is available as a result byte. The 
Sense Interrupt Status command is not allowed (SRQ is 
not set), nor can seek operations be overlapped in this 
mode. 
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Soft-Sector (Buffered Stepping, Polling Enabled). As 

soon as the Seek command is accepted by the HDC, 
high-speed stepping pulses are generated. As soon as 
the required number of pulses are sent, CEH is set to 1, 
indicating a normal termination. Another Seek com- 
mand in the same mode may now be issued. The drive is 
now controlling its own head positioner and asserts 
SKC when the target cyclinder is reached.) If the drive 
has not asserted SKC (seek complete) within the time it 
takes to send the required number of pulses in normal 
stepping mode, or if the drive enters a not-ready state, 
then the SER bit of the 1ST byte and the SRQ bit of the 
status register are set. Otherwise, the SEN bit of the 1ST 
byte is set, along with SRQ of the status register. 

Soft-Sector (Buffered Stepping, Polling Disabled). In 

this mode, the appropriate number of high-speed step- 
ping pulses are sent as soon as the Seek command is 
issued. If the drive enters a not-ready state, or if SKC 
(seek complete) is not asserted within the time it takes 
to send the required number of pulses in normal step- 
ping mode, then the Seek command is terminated nor- 
mally (generating an interrupt). The 1ST byte is available 
as a result byte and the appropriate bit is set; i.e., SER 
and EQC or NR (not ready). If the seek operation is suc- 
cessful, the Seek command is terminated normally 
(CEH = 1) and the SEN bit of the 1ST byte is set. The 1ST 
byte is available as a result byte. The Sense Interrupt 
Status command is not allowed (SRQ is not set), nor can 
seek operations be overlapped in this mode. 

Format 



PHN (PSN) SCNT DPAT GPU (GPL3) 



PHN 




Physical Head Number 


PSN 




Physical Sector Number 


SCNT 




Sector Count 


DPAT 




Data Pattern 


GPL1 




Gap Length 1 


GPL3 




Gap Length 3 
Error Status 


EST 





This command is used to write the desired ID and data 
format on the disk. 

(1) When using hard-sector drives, this command will 
begin format-writing at the sector specified by PHN and 
PSN, which are loaded during command phase. 

When soft-sector drives are specified, this command 
will begin format-writing at the sector immediately fol- 
lowing the index pulse on the track specified by PHN. 

In either case, data transmitted from the local memory 
by DMA operation is written into the ID field, and the 
data field is filled with the data constant specified by 
DPAT until DTL (data length) is zero. DTL is established 
during the specify command with DTLH and DTTL The 
sector count, SCNT, is decremented by one at the end of 
the Format operation on each sector. The following 



bytes are required by the HDC for each sector: (FLAG), 
LCNH, LCNL, LHN, and LSN. FLAG is omitted on soft- 
sector drives. These bytes are transferred by DMA. 

The format operation produces the various gaps with 
length as specified by GPL1, GPL2 (See Specify), and 
GPL3 (For soft-sector only.) 

Note: 

GPL3 may not exceed decimal value of 44. 

(2) The above operation is repeated until SCNT is equal 
to zero. The execution of the command is terminated 
normally, when the content of SCNT is equal to zero and 
the second index pulse has occurred. 

(3) When using a hard-sector drive, it is possible to write 
the ID field displaced from the normal position by 64 
bytes by setting the skew bit of the command byte 
((S) = 1). This is useful when defective media prevent 
writing in the normal area of the sector. 

(4) Items 4, 5, and 8 of the Read Data and item 4 of the 
Write Data command are identical for this command. 
Refer to these items (which appear later in this section) 
for remaining format operation details. 

Verify ID 



PHN (PSN) SCNT 



PHN = Physical Head Number 
PSN = Physical Sector Number 
SCNT = Sector Count 
EST = Error Status 

ID bytes of specified sectors are read and compared 
with the data that are accessed from local memory via 
DMA control. The first sector that is verified is specified 
by PHN and PSN when a hard-sector disk is used. For 
soft-sector disks, only PHN is given and the Verify ID 
command begins comparisons with the first physical 
sector on the track. 

Byte comparisons continue as long as successful or 
until the sector count is zero or a CRC error is found. 

When using a hard-sector drive, it is possible to have the 
HDC verify a skewed ID field by setting the skew bit of 
the command byte. Refer to the Format section, given 
earlier, for details. 

Read ID 



PHN Physical Head Number 

PSN = Physical Sector Number 

SCNT = Sector Count 

EST = Error Status 



6-22 



f^EC 



ArPD7261A/B 



ID bytes of specified sectors are read and transferred to 
local memory by DMA. 

Hard-sector disks: Beginning with the sector specified 
by PHN and PSN, the ID bytes of each sector (FLAG, 
LCNH, LCNL, LHN, LSN) are read until an error is 
found or the SCNT has reached zero. 

It is also possible to perform the above operation with 
skewed ID fields by setting the skew bit of the command 
byte. This will allow reading ID fields that have been 
shifted by 64 bytes by the Skewed Format command. 

Soft-sector disks: This command will begin checking ID 
fields immediately following the index pulse and will 
continue until one valid ID field is read, or until the sec- 
ond index pulse is detected or SCNT = 0, whichever 
occu rs f i rst. Fou r bytes per soft sector are read: LCNH, 
LCNL, LHN, and LSN. 



Read Diagnostic 





PHN 


PSN 


1010X 






EST 





PHN = Physical Head Number 
PSN = Physical Sector Number 
EST = Error Status 



This command is implemented only for hard-sector 
disks. The desired physical sector is specified, and the 
data field will be read even if the ID bytes of that sector 
contain a CRC error. Only one sector at a time may be 
read by this command. 



Read Data 



1011X 


PHN 


(FLAG) 


LCNH 


LCNL 


LHN 


LSN 


SCNT 


EST 


PHN 


(FLAG) 


LCNH 


LCNL 


LHN 


LSN SCNT 



PHN = Physical Head Number LHN = Logical Head Number 

FLAG = Flag Byte, Hard-Sector ID Field Only LSN = Logical Sector Number 

LCNH = Logical Cylinder Number, High Byte SCNT = Sector Number 

LCNL = Logical Cylinder Number, Low Byte EST = Error Status 



This command is used to read and transfer data via 
DMA from the disk to the local memory. 

(1) The HDC reads data from the specified sector which 
is determined by the following preset parameters: FLAG 
(for hard-sector only), LCNH, LCNL, LHN, and LSN. The 
drive is selected by UA (unit address) in the command 
byte. The HDC then transfers the read data to the local 
memory via DMA operation. 

(2) After reading each sector, the HDC updates the 
SCNT and LSN to point to the next sector, and repeats 
the above described operation until SCNT Is equal to 
zero. During the above read operations, if LSN Is equal 
to ESN, the HDC updates LSN, and continues the read 
operations after relocating the head (track) specified by 
LHN. 



(3) The HDC abnormally terminates the execution of this 
command if SCNT is not equal to zero when the HDC 
reads out the data from the last sector (LSN = ESN and 
LHN = ETN). The ENC (end of cylinder) bit of EST (error 
status) is set to one in this situation. 

(4) The HDC will terminate this command if a fault signal 
is detected while reading data. The HDC will set the 
EQC (equipment check) of the EST (error status) byte 
when this occurs. 

(5) The HDC will terminate this command abnormally If 
the ready signal from the drive is not active or becomes 
not active while a Read Data command is being per- 
formed. The NR (not ready) bit of the EST (error status) 
register will be set to one in this case. 

(6) The HDC will end this command abnormally if it can- 
not find an AM (address mark) (soft-sector mode) or a 
SYNC byte (hard-sector mode) of the ID field before four 
index pulses occur. Under these conditions, the RRQ 
(reset request) bit of the STR (status register) will be set. 
In order to perform further disk commands the HDC will 
have to be reset because the format controller is hung 
up looking for an AM or SYNC byte. 

(7) ECC mode: If the HDC detects an ECC error during a 
read operation, it will execute the following operations: 
First, the HDC decides whether or not the error is cor- 
rectable by checking the syndrome of the error pattern. 
If the error is correctable, the HDC terminates the com- 
mand in the normal mode after setting the DER (data 
error) bit of EST register to one. The host system can in- 
put the error address and the error pattern information 
by issuing the Detect Error command. If it is not a cor- 
rectable error, the HDC will terminate the command in 
the abnormal mode after setting the DER bit of the EST 
register to one. 

CRC mode: If the HDC detects a CRC error on a sector 
during the read operation, the HDC will terminate the 
command in the abnormal mode after setting the DER 
bit of the EST register to one. 

(8) If the HDC detects an overrun condition during a 
Read Data operation, the OVR (overrun) bit of the EST 
register is set. (An overrun condition occurs when the in- 
ternal data FIFO is full, another data byte has been re- 
ceived from the disk drive, and a DMA service does not 
occur.) The command is then terminated in the abnor- 
mal mode. 

(9) If the HDC cannot find the desired sector within the 
occurrence of three index pulses, the ND (no data) bit of 
the EST register is set to one and the command is termi- 
nated in the abnormal mode. 

(10) If TC (terminal count) occurs during a Read Data 
command the DMA transfers to the local memory will 
stop. However, the HDC does continue the read opera- 
tion until the end of the sector, if SCNT = 1. 
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If SCNT is 2 or more, DMA transfers restart when SCNT 
is updated to the next sector, and will continue until 
SCNT is zero. 

(11) If the Read Data command has been successfully 
completed, the result status will be set indicating such, 
and the result status bytes will be updated according to 
the number of sectors that have been read. The logical 
disk parameters — LSN, LHN, and LCN — are incre- 
mented as follows: 

LSN is incremented at the end of each sector until the 
value of ESN is reached. LSN is then set to and LHN is 
Incremented. If LHN reaches the value of ETN, then 
LHN is cleared and LCN is incremented. 

In other words, if a Read or Write operation is termi- 
nated normally, the various parameters will point to the 
next logical sector. 

If the command is terminated in the abnormal mode, the 
result status bytes will indicate on which sector, cylin- 
der, and head the error occurred. 

(12) If the HDC cannot detect the address mark (soft- 
sector) or SYNC bytes (hard-sector) immediately follow- 
ing the VFO sync in the data field, the HDC will set the 
MAM (missing address mark) bit of the EST register to 
one, and will terminate the command in the abnormal 
mode. 

Check 



Scan 



noox 


PHN 


(FLAG) 


LCNH 


LCNL 


LHN 


LSN 


SCNT 


EST 


PHN 


(FLAG) 


LCNH 


LCNL 


LHN 


LSN SCNT 



PHN = Physical Head Number 

FLAG = Flaa Byte, Hard-Sector ID Field Only 

LCNH = Logical Cylinder Numtter, High Byte 

LCNL s Logical Cylinder Numtrar, Low Byte 

LHN = Logical Head Number 

LSN = Logical Sector Number 

SCNT s Sector Number 

EST = Error Status 



This command is used to confirm that the data previ- 
ously written to the medium by the Write Data com- 
mand contains the correct CRC or ECC. 

(1) The HDC reads the data in the sector specified by 
FLAG (hard-sector only), LCNH, LCNL, LHN, and LSN. 
The Check command differs from the Read Data com- 
mand In that no DMA transfers occur, 

With the exception of the ECC mode, the Check com- 
mand Is the same as the Read Data command. Please 
refer to items 2, 3, 4, 5, 6, 7, 8, 11, and 12 of Read Data 
command for details. 

(2) If In the ECC mode, the HDC detects only ECC errors 
and does not execute any error correction operation 
even If the ECC errors are correctable. No data transfers 
have been made, and there is no data to correct. 



1101X 


PHN 


(FLAG) 


LCNH 


LCNL 


LHN 


LSN 


SCNT 


EST 


PHN 


(FLAG) 


LCNH 


LCNL 


LHN 


LSN SCNT 



PHN = Physical Head Number 

FLAG = Flag Byte, Hard-Sector ID Field Only 

LCNH = Logical Cylinder Number, High Byte 

LCNL = Logical Cylinder Number, Low Byte 

LHN = Logical Head Number 

LSN = Logical Sector Number 

SCNT = Sector Number 

EST <= Error Status 



(1) In executing the Scan command, the HDC reads the 
data from the sector specified by the preset parameters 
of the command phase. The HDC then compares this 
data with the data transmitted from the local memory. 
(The purpose of this command is to locate a sector that 
contains the same data as the local memory.) 

This command will terminate successfully if the data 
from the disk and the data from the local memory are 
the same. If they are not, the HDC updates SCNT and 
LSN, and executes the abovementioned operation 
again. 

If the HDC cannot locate a sector that satisfies the scan 
conditions, the NCI bit of the STR will be set. The HDC 
tries to compare data until the end of the cylinder has 
been reached, or until SCNT is zero. 

(2) If the value of the LSN (logical sector number) is 
equal to that of ESN (ending sector number) after updat- 
ing LSN, the HDC updates the contents of LH N (increas- 
ing by 1) and that of LSN (LSN =0), and repeats the 
operation described in item 1 after selecting the next 
head. 

(3) After comparing the data transferred from the host 
CPU with the data in the specified sectors, the result 
bytes (FLAG, which is only for hard-sector disks, LCNH, 
LCNL, LHN, and LSN) will be set equal to the sector lo- 
cation that satisfies the Scan command. 

(4) The descriptions in 4, 5, 6, 8, and 9 of Read Data com- 
mand, and items 3 and 4 of Verify Data command are 
identical for this command. Refer to these descriptions 
for additional details. 



Verify Data 



1110X 


PHN 


(FLAG) 


LCNH 


LCNL 


LHN 


LSN 


SCNT 


EST 


PHN 


(FLAG) 


LCNH 


LCNL 


LHN 


LSN SCNT 



PHN = Physical Head Number 

FLAG = Flag Byte, Hani-Sector ID Field Only 

LCNH = Logical Cylinder Number, High Byte 

LCNL s= Logical Cylinder Number, Low Byte 

LHN = Logical Head Number 

LSN = Logical Sector Number 

SCNT = Sector Number 

EST =s En-or Status 



This command |s used to verify data on the disk. 
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(1) The HDC reads the data from the specified sector, 
and compares the data transmitted from the local mem- 
ory via DMA with the data from the disk. 

The sector is specified by FLAG (hard-sector only), 
LCNH, LCNL, LHN, and LSN, and the drive is selected 
by UA. If the data transmitted from the local memory is 
the same as that read from the sector, the HDC updates 
the contents of LSN and SCNT, and continues the 
abovementloned operation. After updating SCNT, if the 
value of SCNT is equal to zero, the HDC ends the execu- 
tion of the command in the normal mode. If the value of 
LSN is equal to that of ESN after updating LSN, the HDC 
updates the contents of LHN and LSN, and the HDC 
continues the verify data operation after selecting the 
head (track) specified by LHN. 

If the data transmitted from the local memory is not the 
same as that read from the sector, the HDC ends the ex- 
ecution of the command in the abnormal mode after 
setting the NCI (not coincident) bit of STR to one. 

(2) If, after verifying the data on the last sector, the con- 
tents of SCNT are not equal to zero, the HDC terminates 
execution of the command abnormally after setting the 
ENC (end of cylinder) bit of the EST register to one. 

(3) After verifying the data read from a sector, the HDC 
checks the CRC bytes (CRC mode) or the ECC bytes 
(ECCmode). 

If the HDC detects a CRC or an ECC error on a sector, 
the HDC terminates execution of the command abnor- 
mally after setting the DER bit of the EST register to a 
one. 

(4) After detecting an active TC signal (TC = 0), the HDC 
executes the above operation by comparing the read 
data from the disk drive with the data 00 instead of the 
data from the main system until the end of the sector. 

In the case of SCNT greater than one, when SCNT is up- 
dated, DMA transfers restart and disk data is compared 
against host data until SCNT is zero. 

(5) After verification of the data on all the sectors, FLAG 
(hard-sector only), LCNH, LCNL, LHN, and LSN are set 
to the values of FLAG, LCNH, LCNL, LHN, and LSN of 
the last verified sector. 

(6) The descriptions in items 4, 5, 6, 8, 9, and 12 of the 
Read Data command are valid in this command. Please 
refer to these items for additional detail. 



Write Data 



1111X 


PHN 


(FLAG) 


LCNH 


LCNL 


LHN 


LSN 


SCNT 


EST 


PHN 


(FLAG) 


LCNH 


LCNL 


LHN 


LSN SCNT 



PHN = Physical Head Number 

FLAG = Flag Byte, Hard-Sector ID Field Only 

LCNH = Logical Cylinder Number, High Byte 

LCNL = Logical Cylinder Number, Low Byte 

LHN = Logical Head Number 

LSN = Logical Sector Number 

SCNT = Sector Number 

EST = Error Status 

(1) This command is used to write data into the data field 
of the sectors specifed by FLAG (hard disks only), 
LCNH, LCNL, LHN, and LSN, and to write CRC bytes or 
ECC bytes according to each internally specified mode 
(CRC or ECC). The data is written to the disk via DMA 
transfer from the local memory. 

(2) After writing data on a sector, the HDC updates the 
contents of SCNT and LSN, and repeats the above de- 
scribed Write Data operation until SCNT is equal to 
zero. 

During the above Write Data operations, if LSN is equal 
to ESN, the HDC updates LHN and LSN, and continues 
the Write Data operations after selecting the new head 
(track) specified by LHN. 

As described above, the HDC has the capability of 
multi-sector and multi-track write operations. 

(3) The HDC abnormally terminates the execution of this 
command if the SCNT is not equal to zero when the 
HDC writes the data to the last sector (LSN = ESN and 
LHN = ETN). The ENC (end of cylinder) bit of EST (error 
status) register is set to one in this situation. 

(4) If the write protected signal is active (high) at the be- 
ginning of the execution of this command, the HDC 
ends the execution of this command in the abnormal 
mode after setting the NWR (not writable) bit of the EST 
register to one. 

(5) After detecting an active TC signal (TC = 0), the HDC 
writes the data 00 to the sector, instead of the data from 
the host system. 

In the case of SCNT of two or more, when SCNT is up- 
dated, the DMA transfers will restart and writing of host 
data will continue until SCNT = 0. 

(6) In the ST506-type mode, the HDC will set the reduced 
write current output bit to a one when the cylinder num- 
ber becomes greater than that specified by RWCH and 
RWCL These parameters are loaded during execution 
of the Specify command. 

The descriptions in items 4, 5, 6, 8, 9, and 11 of the Read 
Data command are applicable here also. Refer to these 
items for further detail. 
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Sense Interrupt Status 







0001X 


1ST 



1ST = Interrupt Status 



(1) The HDC transfers the new disk status to the host 
CPU at the end of a Seek or Recalibrate operation or the 
new disk status resulting from a change of state of the 
ready signal, which may occur at any time. 

(2) If the Seek or Recalibrate command In progress is 
completed when this command is Issued or If there has 
been no change of state of the ready signal from the 
drive, this command will be terminated abnormally. 



Specify 



0010X 


MODE DTLH DTLL ETN 


ESN 


j^Sctl] IRWCL] 





MODE = Mode Byte; Selects Operation Mode 

DTLH = Data Length, High Byte 

DTLL = Data Length, Low Byte 

ETN - Ending Track Number 

ESN = Ending Sector Number 

GPL2 = Gap Length 2 

MGPL1 = Gap Length 1 (used in SMD mode only); Controls Read Gate Timing 
RWCH = ReducedWrite Current (Cylinder No.), High Byte 
RWCL = Reduced Write Current (Cylinder No.), Low Byte 

The Specify command is used to set the operational 
mode of the HDC by presetting various parameters. 
Parameters such as MODE (figure 5, table 7), DTLH (fig- 
ure 6), DTLL, ETN, ESN, GPL2, MGPL1/RWCH, and 
RWCL may be programmed into the HDC. This allows 
for a high degree of versatility. Data record length Is 
programmable from 128 to 4095 bytes In soft-sector 
mode and 256 to 4095 bytes In hard-sector mode. 

Figures, Mode Byte 






ECC 


CRCS 


SSEC 


DSL/ 
STP3 


DSE/ 
STP2 


SOM/ 
STP1 


SOP/ 
STPO 



Figures. DTLH Byte 



1 


CRC- 


PAD 


POL 


DTL11 


DTL10 


DTL9 


DTL8 



CRC- = InitiaiVaiueof Polynomial Counter, Either All Zeros or All Ones 
PAD = Selects ID/Data pad of OOH if 

= Selects ID/Data pad of 4EH if 1 
POL = Polling Mode if 

= NonpoliingModeifl 
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Tabie 7. Mode Byte Bits 



Bit Name 


Specified NIode 




ECC 


1 ECC is appended in data field: (x^t +1) (xll +x2 +1) 


CRC Is appended in data field 




CRCS 


1 Generator polynomial: (x'lS+l) 




Generator polynomial: (x''6+xl2+x5+l) 




SSEC 


1 Soft-sector disk (floppy-like interface), MFM data 


Hard-sector disk (SMD interface), NRZ data 






SSEC = 


SSEC = 1 


DSL 


Data strobe late STP3 


(Note1) 


DSE 


Data strobe early STP2 


(Note1) 


SOM 


Servo offset minus STP1 


(Note1) 


SOP 


Servo offset plus STPO 


(Note1) 



Note: 

(1) Stepping rate for ST506 mode = (16-STP) x 2110 x tcv 

Assuming a 10 MHz processor clock: = 2.11 ms...OH = 33.76 ms 



Sense Unit Status 



Soft-Sector Mode 



0011X 




UST 


SMD Mode 


0011X 


1 


2 


5 


UST 


? < 

DS 

1 


DT 



The Sense Unit Status (SUS) command is used to trans- 
fer the Unit Status (UST) to the host. In the case of SMD 
mode the SUS command may also be used to transfer 
the Detail Status (DS) and Device Type (DT) by using the 
appropriate preset parameter value as shown above. No 
preset parameters are used in the soft-sector mode, al- 
though one is required in the SMD mode. Values other 
than 1, 2, or 5 do not produce valid results. 

After result bytes are placed in FIFO, HDC generates a 
FAULT CLEAR when in SMD mode. 

The DS and DT bytes are defined by the type of drives 
used. The UST is shown in table 8. 



Tabie 8. 


Unit Status Byte 








Interface TVpe 


Bit 


No. SIMD 


ST5p6 


D7 


Unit selected 





De 


Seek end 





D5 


Write protected 





D4 





Drive selected 


D3 


Unit ready 


Seek complete 


D2 


On cylinder 


Track 000 


Di 


Seek error 


Ready 


Do 


Fault 


Write fault 



NEC 



//PD7261A/B 



Detect Error 



EADH EADL EPT1 EPT2 EPT3 



EADH = ErrorAddress, High Byte 

EADL = ErrorAddress, Low Byte 

EPT1 = Error Pattern, Byte 1 

EPT2 = Error Pattern, Byte 2 

EPT3 = Error Pattern, Byte 3 



This command is used to transfer tlie error pattern and 
the error address to the host CPU, when correctable er- 
rors have occurred during the execution of a Read Data 
command with the ECC mode enabled. 

The error address (EADH and EADL) is calculated from 
the last data byte of the sector that contained a correct- 
able error which was indicated by the status bit of the 
previous Read Data command with the ECC mode en- 
abled. The error pattern is used for correcting the error 
data at the location where the error occurred. After re- 
ceiving the error address and the error pattern, the host 
CPU can correct the error data by performing an 
exclusive-OR of the error pattern and the error data. See 
figure 7. 

The result bytes are available to the host CPU within 
100/iS. 



Figure 7. Error Correction 



The Sector 
Included 
Correctable 
Error 





EDI 


ED2 


ED3 








ECC 



(exclusive OR) 



The Error Pattern EPT1 



The Corrected 
Data Bytes 



Note: EDn equals error byte. 



Auxiliary Command 



Figure 8. Auxiliary Command 















CLCE 


HSRQ 


CLB 


RST 


Clear Command End Bit 1 1 


1_ 



- Chip Reset 

- Clear Data 
Halt Sense Interrupt Status Request Buffer 



Table 9. 


Auxiliary Command Bits 


Bit Name 


Operation 


CLCE 


Clears the CE bits of the status register, inactivating the 
interrupt request output caused by Command End condi- 
tion. This is used when no disl< commands are going to be 
issued and it is desired to clear the interrupt. 


HSRQ 


Deactivates the interrupt request output caused by Sense 
Interrupt Status Request condition until a Command End 
occurs. However, this command has no effect on the SRQ 
bit of the status register. 


CLB 


Clears the data buffer. 


RST 


This has the same effect as a reset signal on the Reset in- 
put. This function is used whenever the RRQ bit in the sta- 
tus register is set (indicating the format controller is hung 
up), or when a software reset is needed. 



System Example 

Figure 9 shows an example of a local bus system. 



Figure 9. Local Bus System 



Local Memory 



MEMR- 
MEMW- 
iOR 

iow 



ABL- 
ABH- 
R/W - 



RDWRDB AB 



OE 



Local 
Bus _ 
Reg. 

WAIT -I 



Priority 
Logic 



7^ 



AEN 

CS 

HRQ 
HLDA 



II |o 11 ADSTB DDACK 
li " " DRQ 



DMAC 
(8237) 



There are no preset parameters or result bytes associ- 
ated with this command. The definitions of the 4 LSBs 
(AAAA) are given in figure 8 and table 9. The auxiliary 
command is accepted at any time and is immediately 
executed. The auxiliary command may be used to re- 
cover from certain types of error conditions, or to mask 
and clear interrupts. 
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"n-ack Format 

Figure 10 shows track format for hard- and soft-sectored 
disks. 



System Example Timing Diagrams 

Figures 11 through 22 show the interface timing (soft- 
sector and hard-sector) required to interface the hard 
disk drive. 



Figure 10. Track Format 



PLOSYNC 

OOH (GPL2) 



PLO SYNC 

OOH (GPL2) 



These GPL2 bytes of zeros are required by 
the drive to allow the drive's read data PLO to 
become phase- and frequency-synchronized 
with the data bits recorded on the media. 



ID field 



These bytes are written by the controller and 
are required by the drive to ensure proper 
recording and recovery of the last bits of the 
data field check codes. 

This byte indicates to the controller the 
beginning of the ID field or the data field and 
it establishes byte synchronization. 



These bytes are written by the controller and 
are required by the drive to ensure proper 
recording and recovery of the last bits of the 
ID field check codes. 



PLOSYNC 

OOH (GPL2) 



PLO SYNC 

OOH (GPL2) 



4. DATA 4. 

(DTL) 



DATA PAD 

4EH/00H(3) 
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Figure tl. "Unit Seiection" and "State Sense" Timing (Hard Sector) 
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Bit 0-9 Undefined )^ljnlt Addr (BT2- BT4), Undefined (Ottiers) 



Sense Lines Device Status 1 



(Unit Ready) 



Unit Select 
20-22 



~ \ Undefined" 



y — V 



state after Reset 



Unit 

Selection "Unit Selected" and "Unit Ready" signals 
are checked through BT9 and BT5 pins. 
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NEC 



Figure 12. Return to Zero Timing (Hard Sector) 
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Device Status 1 
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Unit "Return to Zero" Seek End signal is checked 

Selection is issued. at this point. 
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Figure 13. "Seek" Timing (Hard Sector) 
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Cylinder Addr 
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- < I X Undefined 



A. 



Unit Selection "Seel(" BT8 (Seek End) signal is checked at this 

is issued. point. 
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Figure 14. "Head Select" Timing (Hard Sector) 
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Figure 15. "Unit Status Sense' Timing (Hard Sector) 



_ 

TilgT _ 

"1 

Tag 3 — 

"1 

Bus Direction- 



J — V. 



J — V. 



Sr Sel. Tag 



US Tag 
BT2-BT9 



BT1 
BTO 



J — V 



"0" means that HDC is selecting One Unit. 



Index 
Sector 



Sector pulse 



"1" means that a Unit is selected. 



DOC 



Unit Status 1 (UST1) 



1 X ^ Device Type ) 
c*«*..<. o n'c' 



Unit Select 
20-22 



On Cylinder 



t t 

Unit Status 1 Unit Status 2 is 

is read through read through BT0-BT9, 

BT0-BT9 pins. Index, Sector pins. 



The Device Type is read 
through BT0-BT9, 
Index, Sector pins. 
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Figure 16. "Data Read" Timing (Hard Sector) 
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Figure 17. "Data Write" Timing (Hard Sector) 
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Figure 18. "Drive Select" and "Unit Status Sense" Timing (Soft Sector) 
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Seek Complete 
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Drive 2 is | 
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Unit Status Is read through 
pins 29-33 at this point. 



Figure 19. "Normal Seek" Timing (Soft Sector) 
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Drive Select X 
Drive Selected 



Direction In 
Step 



Direction In signal and a step pulse are 
issued after Ready signal is checked. 



The rate at which step pulses are issued is 
controlled by STPn (Step Rate) in Specify 
Command. 
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Figure 20. "Buffered Seek" Timing (Soft Sector) 
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Seek Complete, Ready and Write Fault 
signals are polled periodically until the 
seek operation is completed. 



Figure 21. "Data Read" Timing (Soft Sector) 
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Read Gate line is activated after Ready Sync line is set when bit synchronization 

signal is checked. is established. 
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Figure 22, "Data Write" Timing (Soft Sector) 
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Read Gate line is 
activated after Ready 
and Write Fault signals 
are checked. 
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Write Gate line Is activated during the 
period iMtween 3 bytes after ID field's CRC 
bytes and 3 bytes after data field's ECC/ 
CRC bytes. 
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^PD7262 
Enhanced Small-Disk 
Interface Controller 



Description 

The j[iPD7262 enhanced small-disk interface controller 
(ESDIC) is a hard-disk drive (HDD) controller capable of 
supporting up to seven HDDs. It is a single-chip solution 
to ESDI controller design and conforms to ANSI Speci- 
fication X3T9.3/1987, revision F. 

Note: A control sequ ence that changes the state of the 
write gate (WGATE) signal to function as the 
write start signal for the ID field's phase-locked 
oscillator (PLO) area for hard-sector formatting 
is covered in the ANSI specification, but it is not 
supported by the j[iPD7262. 

The iiiPD7262 can be controlled by a general bus like the 
one provided by the V-Series family. It has 27 powerful 
commands and its control interface significantly re- 
duces host processor overhead for HDDs for both soft- 
ware and hardware. This simplifies interfacing. 

The /[tPD7262 uses the group drive concept to control up 
to seven HDDs divided into a maximum of three groups. 
Each group may be designated arbitrarily according to 
common control parameters such as data length per 
sector, number of sectors per track, and error correction/ 
detection. 

Features 

□ Serial mode ESDI-compatible 

□ Capable of controlling up to seven disk drives 

□ Supports up to 80 heads (5 groups of 16) for each 
disk drive 

□ Hard- and soft-sector interfacing 

□ Programmable track format 

— Variable byte synchronization patterns: ABSP and 
DBSP 

— Variable data length: 128 to 65,536 bytes/sector 

— Variable gap length 

Intersector gap 
PLO sync field 
Format speed tolerance gap 

□ Selectable sector start signal: 
sector pulse/address mark found 

□ Maximum clock frequency 
- 18 MHz (7262-18) 
-12 MHz (7262-12) 

□ 22 disk commands available 

□ Parallel seek operation capability 

□ Multlsector, multitrack, and multicylinder functions 

□ Implied seek function 

□ Data scan/verify function 



□ Data read function from sectors with errors 

□ Skew function 

□ ORC/ECC selection 

□ NMOS technology 

□ Single +5 V power supply 

□ 40-pin ceramic DIP 



Ordering Information 



Part Number 


Max Frequency 


Package 


jttPD7262D18 


18 MHz 


40 -pin ceramic DIP 


|ttPD7262D12 


12 MHz 





Pin Configuration 
40"Pin Ceramic Dip 



WDATA 


E 






40 


3 


vcc 


RDATA 


C 


2 




39 


□ 


RGATE 


RCLK 


C 


3 




38 


□ 


WGATE 


RESET 


c 


4 




37 


□ 


CLK 


INT 


c 


5 




36 


□ 


INDEX 


DMARQ 


c 


6 




35 


□ 


SECP/AMF 


TC 


c 


7 




34 


□ 


AME 


WCLK 


c 


8 




33 


□ 


IC 


RD 


c 


9 


CM 

(O 


32 


□ 


DSD 


WR 


c 


10 


CM 
!«. 

o 


31 


□ 


READY 


Ao 


c 


11 


OL 
=1. 


30 


□ 


ATT 


Do 


c 


12 




29 


□ 


CMDC 


Dl 


c 


13 




28 


□ 


HSo/XACK 


D2 


c 


14 




27 


□ 


HSi /RxD 


D3 


c: 


15 




26 


□ 


HS2 /TxD 


D4 


c 


16 




25 


□ 


HS3 /XREQ 


Ds 


c 


17 




24 


□ 


DSi 


D6 


c 


18 




23 


□ 


DS2 


D7 


E 


19 




22 


□ 


DS3 


GND 


C 


20 




21 


□ 


RW/COM 



50031 
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Pin Identification 



Symbol 


I/O 


Function 


Htfst System interface 


Ao 


In 


Address (register select); selects a register or 
the data FIFO. 


Do-D7 


I/O 


Three-state bidirectional data bus. 


DMARQ 


Out 


DMA request 


INT 


Out 


Interrupt request; Indicates completion of com- 
mand execution by the jaPD7262 or completion 
of a seek operation by a disk drive. 


m 


In 


Controls reading data or status from the 
jaPD7262: active low. 


TC 


In 


Terminal count; indicates completion of data 
transfer; active low. 


WR 


In 


Controls writing data or commands to the 
|ttPD7262; active low. 


Disk Drive interface 


AME 


Out 


Address mark enable; causes the disk drive to 
write or to search for an address mark. 


AMF 


In 


Address mark found; indicates the beginning of 
a sector in a soft-sector type of disk drive. 


ATT 


In 


Attention; requests receipt of the standard 
status byte issued by the disk drive. 


CMDC 


In 


Command complete; indicates that the disk 
drive has completed the execution of a serial 
command and Is able to receive the next 
command. 


DS3-DS1 


Out 


Drive select 3, 2, 1; binary encoded outputs 
that select a disk drive. 


DSD 


In 


Drive selected; indicates that the disk drive 
specified with DS3-DS1 is selected. 


HSs-HSo 


Out 


Head select 3, 2, 1, 0; binary encoded outputs 
that select a read/write head; see RW/COM 
below. 


INDEX 


In 


Indicates detection of the index mark in the 
drive. 


RCLK 


In 


Read clock that samples RDATA during read 
operations; also the reference clock that deter- 
mines the WCLK frequency during write 
operations. 


RDATA 


In 


Read data (NRZ) from the disk drive. 


READY 


In 


Indicates the disk drive's ready state. 


RGATE 


Out 


Read gate; signals the disk drive to read data. 


RW/CDM 


Out 


Read-write/communicate; determines the func- 



tion of pins 25-28. 

RW/COM 
Pin 1 

25 HS3 XREQ 

26 HS2 TxD 

27 HSi RxD 

28 HSo XACK 



Pin Identification (cent) 



Symbol 


I/O 


Function 


RxD 


In 


Receive data; receives configuration/status 
from the disk drive; see RW/COM above 


SECP 


In 


Sector pulse; indicates the beginning of a sec- 
tor in a hard-sector type of disk drive. 


TxD 


Out 


Transmit data; transmits a serial command to 
the disk drive; see R/W/COM above. 


WCLK 


Out 


Write clock synchronized with WDATA. 


WDATA 


Out 


Writes data (NRZ) to the disk drive. 


WGATE 


Out 


Write gate; signals the disk drive to write data. 


XACK 


In 


Transfer acknowledge; acknowledgment by the 
disk drive to a request for command or config- 
uration/status transfer; see RW/COM above. 


XREQ 


Out 


Transfer request; requests a command or con- 
figuration/status transfer by the disk drive; see 
RW/COM above. 


Circuit Control 


CLK 


In 


Single-phase system clock; the frequency must 
be between 0.7 and 1.8 times the RCLK fre- 
quency and the clock signal must be Input con- 
tinuously. 


RESET 


In 


Clears the internal circuits of the jttPD7262, 


TM 


In 


Test mode; this pin should be grounded for 
normal operation; the ground is removed for 
test mode operation. 


GND 


In 


Ground. 


Vcc 


In 


+5-volt power supply. 
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Standard Signal Names 

Tables 1 and 2 show the conversion between the 
iLiPD7262 pin symbols and the ESDI standard signal 
names. 

Table 1. Control Cable Connections With /iPD7262 



Symbol 


ESDI Signal Name 


DS1-DS3 


Drive select 1-3 


HSo-HSg 


Head select 2(0)-2(3) 


XREQ 


Transfer request 


XACK 


Transfer acknowledge 


TxD 


Command data 


RxD 


Configuration/status data 


READY 


Ready 


WGATE 


Write gate 



RGATE Read gate 



Table 2. Data Cable Connections With/uPD7262 



Pin Symbol 


ESDI Signal Name 


WDATA 


± NRZ write data 


RDATA 


± NRZ read data 


RCLK 


± Read/reference clock 


WCLK 


± Write clock 


CMDC 


Command complete 


DSD 


Drive selected 


AME 


Address mark enable 


SECP 


Sector pulse 


AMF 


Address mark found 


INDEX 


Index 



|kPD7262 Block Diagram 



Processing 
Unit 



CLK- 
RESET- 



IV Data FIFO a iv 

> Register ^ ) 
1/^ [S-Bytel N 1/ 



Ao- 
RD - 
WR - 
INT ' 
DIWARQ ' 
TC - 



:> 



Command 
Register 



::> 



c 



status 
Register 



c 



Host System 

Interface 
Control Unit 



c 



Format 
Control 
Unit 



V 



:> 



Disk Drive 
Interface 
Control Unit 



Serial 
Communications 
Unit 



c 



c 



- RCLK 

► WCLK 

- RDATA 

► WDATA 
- RGATE 

► WGATE 

- INDEX 

- AlUIE 

- SECP/AMF 

► RW/COiW 

- DSD 

- READY 

- ATT 

- CMDC 

- HSO 
" HSi 
" HS2 
" HS3 

- DSi 

- DS2 

- DS3 

" XREQ 
-TxD 

- RxD 

- XACK 
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Absolute Maximum Ratings 

Ta = +25''C 


Operating temperature, Topf 






-10.0 to +70°C 


Storage temperature, Tstg 






-65.0 to +150°G 


Output voltage, Vq 






-0.5 to +7.0 V 


Input voltage, V| 






-0.5 to +7.0 V 


Supply voltage, Vcc 






-0.5 to +7.0 V 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. 


Capacitance 

Ta = +25°C; Vcc = GND = V 








Parameter Symbol Typ 


Max 


Unit 


Conditions 


Input C| 
capacitance 


15 


PF 


f = 1 MHz; 
unmeasured pins 


Output Co 
capacitance 


15 


PF 


tied to GND. 


Input/output C|o 
capacitance 


20 


pF 





DC Characteristics 

Ta = - 10 to +70°C; Vcc = +5.0 V ±10% 



Parameter 


Symbol 


Min Typ 


Max 


Unit 


Conditions 


Input voltage, 
low 1 


V|L1 


-0.5 


+ 0.8 


V 


All except CLK, 
RCLK 


Input voltage, 
low 2 


\/.. _ 
V|L2 


— 0.5 


+0.6 


V 




Input voltage, 
high 1 


\/.. 
V|H1 




Vcc 

+ 0.5 


V 


AN excepi oLi\, 
RCLK 


Input voltage, 
high 2 


V|H2 


+3.3 


Vcc 

+ 0.5 


V 


CLK, RCLK 


Output voltage, 
low 


Vol 




+0.4 


V 


lOL = +2.0 mA 


Output voltage, 
high 1 


VoH1 


+ 2.4 




V 


lOH = - 100 juA; 
all except pins 
21-33 


Output voltage, 
high 2 


V0H2 


+ 2.4 




V 


loH = -50M; 

pins 21-33 


Input leakage 
current 1 


lui 




±10 


IxA 


V| = 0.45 V to 
Vcc; all except 
pins 21-33 


Input leakage 
current 2 


IU2 




-700 




V| = 0.45 V to 
Vcc ; pins 21- 
33 


Output leakage, 
current 


Ilo 




±30 


mA 


Vo = 0.45 V to 

Vcc 



Supply current Ice 250 350 mA 
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AC Characteristics 

Ta == - 10 to +70°C; Vcc = +5 V ±10%; see figure 1 for timing measurement thresholds. 









7262-18 


7262-12 






Parameter 


Figure 


Symbol 


Min 


Max 


Min 


Max 


Unit 


Conditions 


Host System Interface 


CLK cycle 


2 


tCY 


55 


10,000 


83 


10,000 


ns 




CLK width, high 


2 


tCH 


20 




30 




ns 




CLK width, low 


2 


tCL 


20 




30 




ns 




CLK rise time 


2 


tCR 




10 




10 


ns 




CLK fall time 


2 


tCF 




10 




10 


ns 




Aq setup to RDi 


5 


tAR 












ns 




Ao hold from RDt 


5 


tRA 












ns 




RD pulse width 


5 


tRR 


100 




100 




ns 




Data delay from Aq 


5 


tAD 




85 




85 


ns 




Data delay from RD^ 


5 


^RD 




85 




85 


ns 




Data float delay from RDt 


5 


*RDF 





75 





75 


ns 




Ao setup to WRi 


6 


Uw 












ns 




Ao hold from WRt 


6 














ns 




WR pulse width 


6 


tww 


100 




100 




ns 




Data setup to WRT 


6 


tow 


55 




55 




ns 




Data hold from WRt 


6 




5 




5 




ns 




Recovery time from RDt 
or WRt 


5,6 


tB/ 


70 




70 




ns 




INT delay from WRt 


6 


%M 




200 




200 


ns 




DMARQ delay from WRt 


8 






125 




125 


ns 




DMARQ delay from"RDt 


7 


tRRQI 




160 




160 


ns 


During disk read 
operation 


DMARQ delay from'RDi 


7 


*RRCe 




100 




120 


ns 


After dist< read 
operation 


TC pulse width 


4 




80 




80 




ns 




TC delay from RDi or WRi 


4 


tRwr 


80 




80 




ns 




RDt or WRt delay from TCi 


4 


tTRW 


80 




80 




ns 




RESET pulse width 


3 


tRES 


100 




100 




tCY 




Disk Drive Inter face 


RCLK cycle 


9 


tRCY 


55 


10,000 


83 


10.000 


ns 




RCLK width, high 


9 


tRCH 


0.40 




0.40 




tRCY 




RCLK width, low 


9 


tRCL 


0.40 




0.40 




tRCY 




RCLK rise time 


9 






8 




8 


ns 




RCLK fall time 


9 


tRCF 




8 




8 


ns 




Data setup to RCLKt 


9 


*RDRC 


15 




15 




ns 




Data hold from RCLKt 


9 


tRCRD 


15 




15 




ns 




WCLK cycle 


10 


twCY 


0.95 


1.05 


0.95 


1.05 


tRCY 




WCLK width, high 


10 


twCH 


0.25 


0.75 


0.25 


0.75 


tRCY 




WCLK width, low 


10 


twCL 


0.25 


0.75 


0.25 


0.75 


tRCY 
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AC Characteristics (cont) 









7262-18 


7262-12 






Parameter 


Figure 


Symbol 


Min 


Max 


Min 


Max 


Unit 


Conditions 


Disk Drive inter face (cont) 


WCLK rise time 


10 






10 




10 


ns 




WCLK fall time 


10 


%NCF 




10 




10 


ns 




Data CAtiin tn \A/r^l 


10 


^VVDWC 


0.20 




0.20 




*RC?ir 




Data hold from WCLKt 


10 




0.20 




0.20 




tRCY 




RGATEt delay from AMFt 


13 


tAFHQ 




300 




300 


ns 




AMEi delay from AMFi 


13 


Wae 












ns 




SECP pulse width 


12 


tSBT 


400 




400 




ns 




INDEX pulse width 


11 


tiDXF 


400 




400 




ns 




VVO/\l C SolUp TO MIVICI 


ID 


IVVQAE 










ns 




Wf^ATF hnlrl from AMFI 


ID 


Ub/vq 














WGATE mask time 


16 


IVVGM 


8 




8 




tRCY 


Immediately after ADR 

PAn fiafH 


Vi/Ui 1 II 1 lui iiuciiiui 1 ooiup 


17 


«CC 


830 




830 








HSi-HSo float delay from 


17 


tCHF 




50 




50 


ns 




HSg-HSo output delay from 
RW/CGiVI t 


17 






50 




50 


ns 




TxD setup to XREQ 


14 




50 




50 




ns 


1-lDit transmit 


TxD hold from XREQ 


14 







2tCY 
+ 400 





2tCY 
+ 400 


ns 




XACK delay from XREQ 


14 














ns 




XREQ delay from XACK 


14 




60 


19tCY 
+ 300 


50 


19tCY 
+ 300 


ns 




RxD setup to XACK 


15 


^DXA 


50 




50 




ns 


1 -bit receive 


RxD hold from XACK 


15 


tXARD 












ns 




XACK delay from XREQ 


15 


t)flRXAR 












ns 




XREQ delay from XACK 


15 




50 


191cy 
+ 300 


50 


19tCY 
+ 300 


ns 





Figure I. AC Test Points 



Except CLK, RCLK 
2.4 V- 
0.45 V - 



f -AfiJL 



xz 



CLK, RCLK 
4.0 V 
0.45 V 



"Y^'^ Test Points 3.3 



Figure 2. CIX Puise Timing 
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Figure 3. Reset Pulse Timing 



Figure 7. DMA Read Timing 



-tRES- 



Figure 4- TC Pulse Timing 



Figure 5. Read Timing 



"ZXZ 



D0-D7- 



X 



-*RR- 



*RD , 



-tAD- 



tRA^ 



-tRV- 



—¥ <#— tRDF 



Or 



Figure 6L Yfirite Timing 



-*ww- 



X 



-tRv- 



D0-D7 



DC 



X 



-twi- 



During Disk Read Operation 
RD 



'^^RRQI-^ 



DMARQ 

After Disk Read Operation 
RD 



-<RRQ2- 



Figure 8, DMA Write Timing 



^ ^ 



-tWRQ- 



Figure 9. Data Read Timing 



-tRCY- 



-*RCH- 



*RCR tRCF 



-tRCL- 



*RDRC 



-*RCRD- 



X 
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Figure 10. Data Wtite Timing 



Figure 14. One-Bit Transfer Timing (to Drive) 



-*WCH~> 



*WCR tWCF 



-*WCL- 



WDATA 



*TDXR— > 
TxD 



tXRXAT 



XACK 



^*XRTD 



«XRXAT 



*XAXRT 



*XAXRT 



Figure 11. index Timing 



INDEX 



-tlDXF- 



Figure 15. One-Bit Transfer Timing (from Drive) 



Figure 12. Sector Timing 



-tSEPF- 



*XRXAR 



*RDXA- 



*XRXAR 



^XAXRR 



tXAXRR 



-tXARD 



figure 16. Address H/iaric Enabie/Wtite Gate 
Figure 13. Address Marie Found/Read Gate Timing Timing 



*AFRG * 



RGATE 



♦~*AFAE 
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Figure 17. Communications Timing 



\ 



HS3 / XREQ 
HS2 / TxD 



HSi / RxD 
HSq/XACK 



tec 



tRWH- 



tCHF 



Hi-Z 
I Input Mode] 



ARCHITECTURE 

Refer to the block diagram of the /tiPD7262. 
Processing Unit 

The processing unit decodes commands sent from the 
host system to control internal units, such as the 
format control Unit, and then generates the result sta- 
tus. 

Read Only Memory (ROM) 

The ROM contains the firmware necessary for execut- 
ing commands sent from the host system. 

Random Access Memory (RAM) 

The RAM is used to temporarily store parameters 
required by the firmware for command execution. 

Command Register 

The host system sends disk commands and subcom- 
mands via the data bus to the command register. The 
command register is selected by signal Aq going high 
and signal WR going low. The contents of the data bus 
can then be transferred into the command register. The 
host system cannot read data in the command register. 
It is a write-only register. 

Status Register (STR) 

The status register reports the internal status of the 
fiPD7262 to the host system. Data from the host system 
cannot be transferred into the read-only status register. 
Status register selection is performed when signal Aq 
goes high and signal RD goes low, enabling the register 
contents to be output onto the data bus. The host 
system can select and read the contents of the status 
register any time. The status register can be cleared to 



OOH by the CHIP RESET subcommand or by the RESET 
signal. Status register bits D7-D0 are described in 
Table 3. 

Table 3. Status Register (S TR) Bit Definitions 



Bit 



Status 
Name 



Function 



D7 Controller Indicates that the jttPD7262 Is executing a 
Busy disk command. The OB bit is set upon disk 

(CB) command execution and cleared when 

execution is completed. While the CB bit 
is set, the host system cannot send a new 
disk command. 

D6, D5 Command Indicate^ that the disk command execu- 
End tion is completed. Both CEH and CEL bits 

(CEH, CEL) can be cleared by a reset signal, by send- 
ing the next disk command or clear com- 
mand end bit, or by a chip reset subcom- 
mand from the host system. Combinations 
of the different states of bits D6,D5 are 
listed below. 

(0,0) indicates no disk command has been 
sent from the host system during disk 
command.execution or after a reset signal 
input or clear command end bit or chip 
reset subcommand. 

(0,1) indicates disk command execution 
was aborted. 

(1.0) indicates disk command execution 
was successful. 

(1.1) indicates the disk command sent 
from the host system is invalid for any of 
the following reasons. 

• The group assign command is not sent 
after reset. 

• G 1, GO = 0,0 is specified by the specify 
2 command. 

• A command word high (CWH) or com- 
mand word low (CWL) not supported 
by the send command is specified. 

• An internal information selection (IIS) 
not specified by the get internal Infor- 
mation command is specified. 



D4 


Sense Seek 

Request 

(SRQ) 


When a disk drive seek operation Is com- 
pleted, bit D4 is set to request a sense 
seek status command from the host sys- 
tem. This bit is not reset by a mask SRQ 
Interrupt subcommand. 


D3 


Reset 


When set, bit D3 requests an immediate 




Request 


reset of the jiiPD7262. 




(RRQ) 
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Table 3. Status Register (STR) Bit Definitions 
(cont) 



Bit 


Status 
Name 


Function 


D2 


ID/Data Error 
(IDE) 


Bit D2 is set when a CRC er ror is detectecl 
in the ID field during execution of an ID 
field read command (read ID^ verify ID). Bit 
D2 is also set when a CRC/EGC error is 
detected in the data field during execution 
of a data field read command (read data, 
check, scan, verify data, read diagnostic). 


D1 


Not 
(NCI) 


Bit D1 is set if the ID or data transferred 

iiuiii WW iiuai oyoiciii uucd iiui iiiaiuii iiicii 

on the sector during execution of the verify 
ID or verify data command, or if sector data 
that matches the data transferred from the 
host system cannot be detected during 
execution of the scan command. 


DO 


Interface 

Fault 

(IFLT) 


Bit DO indicates that a transfer of 17 bits of 
serial communications data from the fall- 
ing edge of XREQ to the rising edge of the 
17th XACK has not occurred within a spec- 
ified time period 480 x TIME x COMT, or 
indicates a timeout of the CMDC signal. 



Data FIFO Register 

The data FIFO (first-in, fIrst-out) 8 x 8-bit register is 
used to store temporarily— asynchrouous with the sys- 
tem clock— commands, parameters, read/write data, 
and the result status transferred between the iuPD7262 
and the host system. 

When executing a disk command, the /[aPD7262 first 
loads the parameters, then clears the data FIFO regis- 
ter before executing the command. The data FIFO 
register can store only eight bytes of data; the ninth and 
successive bytes are not accepted if the FIFO is full. 

Host System Interface Control Unit 

This unit controls the interface between the host sys- 
tem and the mPD7262. 

Read/Write Control. The read/write control circuit 
selects the command/status register or data FIFO reg- 
ister by decoding the read (RD), write (WR), and ad- 
dress (Aq) signals, which are output from the host 
system. The internal registers are selected as shown in 
table 4. 



Table 4. Register Selection 



Ao 


RD 


WR 


Function 








1 


Read data FIFO register 





1 





Write data FIFO register 


1 





1 


Read status register 


1 


1 





Write command register 


X 


1 


1 


Non-select 



Interrupt Request Control. The interrupt request con- 
trol circuit outputs the interrupt request (INT) to the 
host system. 

When disk command execution terminates, or when the 
SRQ bit in the status register is set, this control circuit 
sets the INT signal to active (high) level. The INT signal 
returns to inactive (low) level when the host system 
writes a clear command end bit subcommand to the 
/itPD7262. 

Note that the INT signal caused by SRQ cannot be reset 
with the clear command end bit subcommand; the 
sense interrupt status command should be used to 
reset INT. 

DMA Request Control. The DMA request control cir- 
cuit processes DMA requests (DMARQ) to the host 
system. 

During disk command execution, when a DMA transfer 
is required between the memory and the /nPD7262, or 
between the memory and the disk drive via the 
/iPD7262, this control circuit sets the DMARQ signal to 
active (high) level. The conditions under which this 
control circuit sets the DMARQ signal active are de- 
fined as follows according to the number of bytes of 
data stored in the data FIFO register. 

(1) /iiPD7262 -> memory data transfer: Read ID, read 
diagnostic, and read data commands. When data is 
being sent to the memory after it is read from the 
data FIFO register, the DMARQ signal is set active. 
The DMARQ signal is also set active when a single 
byte remains in the data FIFO register imhnediately 
before normal termination of a command; that is, 
directly before an interrupt is generated. 

(2) Memory iaPD7262 data transfer: Write format, 
verify ID, scan, verify data, and write data com- 
mands. When data is sent to the data FIFO register 
after being read from memory, if the data FIFO 
register contains 6 or fewer bytes of data, the 
DMARQ signal is set active. 
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The DMARQ will not become active when one of the 
following conditions occurs. 

(1) Disk command execution is aborted (abnormal 
termination). 

(2) Data in all sectors specified by the sector count 
parameter (SCNT) has been transferred by a suc- 
cessful command execution (normal termination). 

(3) Terminal count signal (TC) from the host system is 
set active. 

TC Control. The terminal count control circuit halts 
operation of the host system control unit in accordance 
with the terminal count input (TO) from the host system. 

Disk Drive Interface Control Unit 

Under control of the processing unit, the disk drive 
interface control unit outputs head and unit addresses 
as well as control signals. 

Signals indicating the status of the disk drive are 
directly input to this unit. 

Serial Communications Unit 

Under control of the processing unit, the serial commu- 
nications unit performs data transfers to or from a disk 
drive in handshaking mode. Also, the serial communi- 
cations unit generates and checks parity. 

Format Control Unit 

Under control of the processing unit, the format control 
unit writes data to the disk drive or reads data from the 
disk drive according to the specified track format. The 
unit provides the following functions: 

• Encoding/decoding of FM and MFM data 

• Phase-shift compensation during read operation 

• Serial-to-parallel or parallel-to-serial conversion 

• Address mark writing and detection 

• Data transfer control 

• Check code generation, error detection, and 
correction 

RESET 

If 100 or more CLK cycles are continuously input to the 
CLK and RCLK pins while the RESET pin is high, the 
ptPD7262 clears all its internal registers and enters the 
idle state. 



Table 5 indicates the status of the input/output pins 
during the reset state and 60 CLK cycles after the reset 
has been released. See figure 18. 

Table 5. Effect of Reset on I/O Pin Status 



Pin 


Reset, 


After Reset, 


Symbol 


State 1 


State 2 


WDATA 


High impedance 


High impedance 


INT 


Low 


Low 


DMARQ 


Low 


Low 


WCLK 


CLK output 


CLK output 


D^Do 


High impedance 


High Impedance 


RW 


High 


High 


DSyDSi 


High 


High 


HS3/XREQ 


High 


Low 


HSaH-xD 


High 


Low 


HSi/RxD 


High 


Low 


HS(/XACK 


High 


Low 


AME 


Low 


Low 


WGATE 


Low 


Low 


RGATE 


Low 


Low 


f=igure 18, 


Reset State Timing 





Approximately 



Output 



1^ — 100 CLK min — »|^^° » 




J 






X «■"' ) 


^ State 2 



ERROR DETECTION AND CORRECTION 

The fAFD7262 has a cyclic redundancy check (ORG) 
function and two error correction code (EGG) functions 
as shown in table 6. 



Table 6. 


CRC and ECC Error Detection 




Function 


Polynomial Generator 
Formula 


Bytes/ 
Sector 


CRC 


X16 4. + x5 + 1 


2 


ECC 32 bits 


(X21 + 1) (X^1 + +1) 


4 


56 bits 


(X22+ 1) (X""^ + X^ + X6 + X+ 1) 
P(^^ + X^ + X^ + X^ + X^ + X + 1) 
(X^2 + + x^o + x9 + x8 + 
X^ + X® + x^ + x"^ + x^ + X2 + X + 1) 


7 
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Each ECG function has its own error correction func- 
tion, the performance of which is shown in table 7. In 
cases where the error burst length exceeds the 11 -bit 
maximum, the detection performance of the 56-bit ECC 
is better than that of the 32-bit ECC by a factor of 10 ^. 

Table 7. ECC Error Correction Performance 





Maximum Single Error 


IVIaximum Sector 


ECC 


Burst Length! 


Data Length 


32-bit 


11 bits 


5369 bytes 


56-bit 


11 bits 


64K bytes 



SKEW FUNCTION 

When the skew (SK) function is specified in the disk 
command parameter during access of a hard-sector 
disk, the /iiPD7262 shifts the address area. This area, 
located after the address byte sync pattern (ABSP), is 
delayed 64 bytes, thus stretching the Gap 1 Length 
(GP1L). 

This function is effective when a media defect exists in 
the address area of a disk. However, the sector length is 
decreased by 64 bytes. A sector formatted in this 
manner must be accessed in the skew access mode. 

COMMANDS 

The /[tPD7262 has 22 disk commands for data read/write, 
seek, serial communications operations, etc., Four sub- 
commands are used for controlling the internal status 
of the jitPD7262. The controller is always ready to accept 
a subcommand. However, if the jiAPD7262 executes a 
disk command while already busy (CB = 1), it disables 
other disk commands. 

Disk subcommands must be executed individually, not 
as a group. 

Disk Command Operation Phases 

The /nPD7262 executes disk commands sent from the 
host system in three distinct phases. 

Command Phase (C-Phase). When the /[aPD7262 is in 
the Idle state (CB = 0), the host system sends com- 
mand parameters to the data FIFO register in the order 
specified for each command. It then writes the com- 
mand code to the command register The following disk 
commands have no command parameters: detect er- 
ror, sense unit status, sense seek status, and recali- 
brate. 



Execution Phase (E-Phase). The ^PD7262 executes 
the disk commands specified by the command param- 
eters. 

Result Phase (R-Phase). The /iPD7262 places the re- 
sult information into the data FIFO register After read- 
ing the contents of the status register, the host system 
reads the number of result bytes specified for the disk 
command, as required by the user, from the data FIFO 
register. 

For certain disk command operations— such as read, 
write, and scan— a value that was updated during 
command execution will be set into an R-phase param- 
eter with the same name as the parameter in the 
C-phase so that it may be used by subsequent com- 
mands. The following commands have no result param- 
eters: specify 0, 1, and 2. 

Disk Command Set 

The 22 commands and four subcommands are de- 
scribed in the following tables. 



Table Description 

8 Disk command groups 

9 Disk command operations 

10 Disk command parameters 

11 Disk subcommands 

Tables. Disk Command Groups 

Group Command Description 

initialize Group assign Assigns group numbers to each of 
seven drives 



Specify Sets the timer constants. 

Specify 1, Sets operation parameters for the 

specify 2 drive group. 

Get internal Reads set parameters specified by 
information group assign and specify 0-2 com- 

mands. 

Send Send Sends serial commands to the 

specified drive. 

Send extended Sends serial commands to the 
specified drive (used when ESDI 
command is expanded). 

Sense Sense seek Reads the completion status of 

status seek operations at drives. 

Sense unit Reads the drive status, 

status 
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Table 8. Disk Command Groups (cont) 



Table 8. Disk Command Groups (cont) 



Group 


Command 


Description 


Group 


Command 


Description 


Seek 


Recalibrate 


Positions the read/write head to 
track 0. 


Read 


Read ID 


Transfers the sector ID to the host 
processor. 




Physical seek 


Positions the read/write head to a 
specified physical cylinder. 




Read data 


Specifies a sector and transfers 
the sector data to the host 




Logical seek 


Positions the read/write head to a 






processor. 




specified logical cylinder. 




Read 


Transfers data to the host proces- 


Write 


Write track 


Writes track format for each track 




diagnostic 


sor without reading ID. 


format 


to a maximum of 65,536 tracks. 




Verify ID 


Verifies ID on the track with the 




Write sector 


Specifies a starting sector and 
writes format on each sector to a 
maximum of one track. 






host processor's data. 




format 




ChecRT" 


Specifies a sector to check for sec- 
tor data error. 




Write data 


Specifies a sector and transfers 
the host processor's data for that 
sector. 




Scan 


Compares data sector-by-sector 
with host processor's data to de- 
tect the matching sector. 








Error 
handling 


Detect error 


Generates error correction code 
(ECC) information. 


Table 9. 


Disk Command Operations 














Parameters 






Command 


Phase 


Ao R/W D7 D6 D5 


D4 D3 


D2 D1 


DO Remarlcs 


Group 


Command 


W 


GN1 






assign 




w 


GN2 










w 


GN3 










w 


GN4 










w 


GN5 










w 


GN6 










w 


GN7 










1 wool 





1 







Result 


1 R 


STR 










O R 


EST 







Specify Command W TIME 






w 


COMT 





w 


CETH 





w 


CETL 



1 W 1 1 



Result 1 R STR 

Specify 1 Command W MODE See figure 19. 



W DTLH 






w 


DTLL 





w 


ESN 





w 


COH 





w 


COL 



1 w o 1 10 G1 GO 



Result 1 R STR 
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Table 9. Disk Command Operations (con^ 



Parameters 



Command 


Phase 


Ao 


R/W 


D7 


D6 


D5 


D4 D3 


02 


D1 


DO 


Remarks 


Specify 2 


Command 





w 








ABSP 

















w 








DBSP 

















w 








GPIL 

















w 








PLOL 

















w 








GP2L 

















w 








EHN 








EHN byte can be omitted. 






1 


w 








1 


1 


1 


G1 


GO 






Result 


1 


R 








STR 










Get 


Command 





w 








IIS 








See figure 20. 


internal 
information . 




1 


w 








1 
















Result 


1 


R 








STR 








IIS determines the number of bytes 









R 








IIF1 

















R 








IIF2 

















R 








IIF3 

















R 








IIF4 

















R 








IIF5 

















R 








IIF6 

















R 








IIF7 










Send 


Command 





W 








CWH 








See figure 21. 









W 








CWL 














1 


W 








1 


1 1 


DS3 


DS2 


DS1 






Result 


1 


R 








STR 

















R 








EST 

















R 








RDTH 








Specified depending on CWH. 









R 








RDTL 










Send 


Command 





W 








TMOD 








See figure 22. 


extended 







W 








CWH 

















W 








CWL 














1 


W 





1 





1 


DS3 


DS2 


DS1 






Result 


1 


R 








STR 

















R 








EST 

















R 








RDTH 








Specified depending on TMOD. 









R 








RDTL 










Sense 


Command 


1 


W 











1 













status 


Result 


1 


R 








STR 















R 








SCST 

















R 








SEST 

















R 








SBST 
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Disk Command Operations (cont) 






















Parameters 








Commsnd 


Phase 


Ao 


R/W D7 D6 


D5 


D4 D3 


D2 D1 


DO 


Remarks 


S6ns6 unit 


Command 


1 


WOO 


1 


1 


Uoo Uo^: 


DS1 




status 


Result 


1 


R 




OTD 

o 1 n 















R 




COT 

col 















R 




DST 






See figure 23. 









R 




oo 1 n 















R 




oo 1 L 








Recalibratd 


Command 


1 


W 1 





1 


Uoo Uo2 


DS1 






Result 


1 


R 




STR 















R 




COT 

bo 1 








Physical 


Command 





WOO 














seek 







W 




PCNL 












1 


W 1 


1 





Uoo Uo2 


DSl 






Result 


1 


R 




STR 















R 




COT 
CO 1 








Logical 


Command 





W 




LCNH 








seek 







W 




LCNL 















W 




TCOH 






1 uu n ana i uu L can oe 









W 




iOUL 






omitted 






1 


W 1 


1 


1 


Uoo Uo2 


DS1 






Execution 














Seek operation 




Result 


1 


R 




STR 















R 




EST 








Write track 
format 


Command 





W 




PHN 













w 




TCTH 















W 




TCTL 















W 




DPAT 












1 


W 1 


1 


1 


DS3 DS2 


DSl 






Execution 





W 










Transfers IDs of the sectors on 
the track. 




Result 


1 


R 




STR 















R 




EST 















R 




PHN 















R 




TCTH 















R 




TCTL 















R 




DPAT 









6-53 



MPD7262 



SEC 



Table 9, Disk Command Operations (conp 



Parameters 



Command Phase 


Aq 


R/W 


D7 


D6 


D5 


04 D3 


D2 


D1 


DO 


Remarks 


Write Command 





w 














1 


FA 


SK 




sector 
format 





w 








PHN 













w 








PSN 















w 








DPAT 















w 








SCT 












1 


w 





1 


1 


1 


DS3 


DS2 


DSl 




Execution 





w 
















Transfers IDs of the specified sectors. 


Resuit 


1 


R 








STR 















R 








EST 















R 








PHN 















R 








PSN 















R 








DPAT 















R 








SCT 










VdrllylD Command 





W 








PHN 















W 








PSN 















W 








SCTH 















W 








SCTL 












1 


W 


1 








SK 


DS3 


DS2 


DSl 




Execution 





W 
















Compares ID 


Result 


1 


R 








STR 















R 








EST 















R 








PHN 















R 








PSN 















R 








SCTH 















R 








SCTL 










Read ID Command 





W 








PHN 















W 








PSN 















W 








SCTH 















W 




















1 


W 


1 








1 SK 


DS3 


DS2 


DSl 




Execution 





R 
















Transfers ID 


Result 


1 


R 








STR 















R 








EST 















R 








PHN 















R 








PSN 















R 








SCTH 















R 








SCTL 
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Table 9. Disk Command Operations (cent) 



Parameters 



Command 


Phase 


Ao 


rf/w 




uo 


uo 




no 


Hi 
U 1 


nn 
uu 


Remarks 




oornrnariQ 


n 
u 


vv 








1 PMN 














n 
u 


vv 








LOINL 














A 

u 


vv 








1 UIM 

LniN 














Q 


w 








LO IN 














u 


vv 








rLAva 
















w 






















u 


VV 






















n 


VV 








r nlN 








PHN byte can be omitted, 






i 

1 


vv 


1 


U 


1 


1 CP 
1 tL/ 


uoo 




Uo 1 






CAeuuiion 


u 


p 
n 
















Transfers data 




Result 


1 


n 








CTP 
o 1 n 














n 
u 


D 

n 








to 1 














u 


n 








LCNH 








If sector execution is success- 






u 


n 
n 








1 r*Mi 

LUINL 








full, the logical parameters 
point to ihe next sector. If sec- 






n 
u 


□ 








1 l-IM 

LniN 








tor execution is not successful, 






u 


□ 
n 








Lo IN 








the logical parameters point to 
the aborted sector. 






n 
u 


Q 

n 








CI An 














Q 










SCTH 














n 
u 


p 








OUI L 










Detect 


Cornmand 


1 


W 





1 



















error 


Result 


1 


p 








CTP 

& 1 n 














u 


p 
n 








cAUn 








See figure 24. 






n 
u 
























n 
u 


p 
n 








CDT1 
Cr 1 1 








See figure 25. 






A 

u 


p 
n 








CDTO 














u 


p 
n 








CDTQ 
Crl O 










veriTy Qella 


OOllllllanu 


\j 


vv 








LL»INn 

















W 








LCNL 

















W 








LHN 

















W 








LSN 

















W 








FLAG 

















W 








SCTH 

















W 








SCTL 

















W 








PHN 








PHN byte can be omitted 






1 


W 


1 


1 


1 





DS3 


DS2 


DS1 






Execution 





W 
















Compares data 
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Table 9. Disk Command Operations (cent) 



Parameters 



Command 


Phase 


Ao 


R/W 


D7 


D6 


D5 


D4 D3 


D2 


D1 


DO 


Remarks 


Verify data 


Result 


1 


R 








STR 










(cont) 







R 








EST 

















R 








LCNH 

















R 








LCNL 

















R 








LHN 

















R 








LSN 

















R 








FLAG 

















R 








SCTH 

















R 








SCTL 










Check 


Command 





W 








LCNH 

















W 








LCNL 

















W 








LHN 

















W 








LSN 

















W 








FLAG 

















W 








SCTH 

















W 








SCTL 

















W 








PHN 








PHN byte can be omitted. 






1 


W 


1 


1 








DS3 


DS2 


DS1 






Execution 




















Data check 




Result 


1 


R 








STR 

















R 








EST 

















R 








LCNH 

















R 








LCNL 

















R 








LHN 

















R 








LSN 

















R 








FLAG 

















R 








SCTH 

















R 








SCTL 










Scan 


Command 





W 








LCNH 

















W 








LCNL 

















W 








LHN 

















W 








LSN 

















W 








FLAG 

















w 








SCTH 

















W 








SCTL 

















W 








PHN 








PHN byte can be omitted 






1 


W 


1 


1 





1 


DS3 


DS2 


DS1 






Execution 





W 
















Compares data 
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Table 9. Disk Command Operations (cont) 



Parameters 



Command 


Phase 


Ao 


R/W 


D7 


D6 


D5 


D4 D3 


D2 


D1 


DO 


Remarks 


Scan (cont) 


Result 


1 


R 








STR 








Last sector to be compared. In 









R 








EST 








the case of NCI, the next to the 
laftt sector is to be compared. 









R 








LCNH 

















R 








LCNL 

















R 








LHN 

















R 








LSN 

















R 








FLAG 

















R 








SCTH 

















R 








SCTL 










Read 


Command 





w 








PHN 










diagnostic 







w 








PSN 

















w 








SCTH 

















w 








SCTL 














1 


w 


1 





1 


SK 


DS3 


DS2 


DS1 






Execution 





R 
















Transfers data 




Result 


1 


R 








STR 

















R 








EST 

















R 








PHN 

















R 








PSN 

















R 








SCTH 

















R 








SCTL 










Write data 


Command 





w 








LCNH 

















w 








LCNL 

















w 








LHN 

















w 








LSN 

















w 








FLAG 

















w 








SCTH 

















w 








SCTL 

















w 








PHN 








PHN byte can be omitted 






1 


w 


1 


1 


1 


1 


DS3 


DS2 


DS1 






Execution 





w 
















Transfers data 




Result 


1 


R 








STR 

















R 








EST 

















R 








LCNH 

















R 








LCNL 

















R 








LHN 

















R 








LSN 

















R 








FLAG 

















R 








SCTH 











SCTL 
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Figure 19. Specify 1 Command 



MODE [Mode] 



ECCECCP ICC ICR IBSP IS SSS SSS 



1 





AMF 





1 


SECP 



Selects Implied seek 
_1or read data, check, 
"verify data, scan, and 

write data operations 

Include BSP In 
"ECC/CRC calculation 

^Invert ECC/CRC 
calculation result 

Initial check 
'code value 

ECC precision: 
-1 = 56 bits 
r 32 bits 

ECC selected in 
'data field 



Figure 20. Get inter nai information Command 



IIS 


IIF 


D7 


D6 


D5 D4 03 


D2 


D1 DO 


Contents 


# of Bytes 








X 


X 


X X 


Group Assign Parameters 


7 








1 X 


X 





Specify Parameters 


4 








1 X 


X 


G1 GO 


Specify 1 Parameters 


6 








1 X 


X 


G1 GO 


Specify 2 Parameters 


6 



Figure 21, Send Command Word Higti, Low (CWH, 
CWL) 



CWH 

D15 bl2 D11 D8 


CWL 

D7 D6 D5 D4 D3 D2 D1 DO 


Command 
function 


Command 
modifier 


000 000 00 


Command 
function 


Command parameter 



Figure 22, Send Extended Command 



TMOD BYTE [Transfer Mode] 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 

















NWCC 


CHKM 


OPMD 






Serial 

transmit/receive 
operation mode 


1 


Transmit only 
operation mode 



Masks ATT and READY 
- checking at start of 
command execution 

Selects wait/no wait for 
^ CMDC signal after 
" serial transmit/receive 

operation 

49M'-00010< 
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Figure 23. Sense Unit Status Command 



DST Byte [Drive Status] 















DSD 


RDY 


AH 


CMDC 


SSTH, SSTL Word [Standard Status Byte High, Low] 


15 14 


13 12 


11 10 


9 8 


7 6 


5 4 


3 2 


1 



Removable media is exchanged 
Write fault is detected 
Vendor's own status 

-Write operation is executed with track offset 
Seek fault is detected 

■invalid command or undefined command is received 
-Interface fault is detected 
Parity error is detected in command data 
-in power-on reset condition 
Spindle motor is not rotating 
-Fixed media is write protected 
-Removable media is write protected 
-Removable media is not installed 



Figure 24, Detect Error Command; Error Address 
Offset(EAO) 



EAOH. 
EAOL 



10000H 
[DTLH, 
DTLL] 



Figure 25. Detect Error Command; 
Error Pattern (EPT) 



The first 

data in the The first byte which 

sector [transfer contains an error 

start address] [calculated address] 



Data 
Transferred 
to Memory 



Error Pattern EPT1 



i i i 



EPT2 



Reference 
address of 
EAOHL 



Corrected 
Data 



Exclusive-OR 
-rfH 
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Tabic 10, Disk Command Parameters 



Parameter 


Function 


ABSP 


Specifies the pattern to be synchronized with bytes in an address area. 


(Address byte sync pattern) 




CETH/CETL 


Specifies the maximum time to wait for the CMDC signal after a serial command is sent to 


(Comnnand end timer high or low) 


a disk drive. Timer: ts x (CETH, CETL). (If CETH, CETL = 0000, timer = ts x 65,536.) 


COH/COL 


Specifies the offset value to determine the cylinder to be seeked in an implied or logical 


(Cylinder offset high or low) 


seek operator. (COH, COL): 0000 — FFFR 


COMT 


Specifies the maximum time for checking a protocol error during serial communications. 


(Communications timer) 


Time = ts x COMT (If COMT = 00, time = ts x 256). 


CWH/CWL 


Specifies a jttPD7262 serial command code which is sent to a disk drive when executing 


(Command word high or low) 


the send or send extended command. 


DBSP 


Specifies the pattern to sychronize with the bytes in a data area. 


(Data byte sync pattern) 




DPAT 


Specifies the data pattern to be written to the data field when formatting a sector. 


(Data pattern) 




DST 


Indicates the status of the disk drive status signal. 


(Drive status byte) 




DS1, DS2, DS3 


Specifies a disk drive number. 


(Drive select 1, 2, 3) 




DTLH/DTLL 


Specifies the length of a data field. (DTLH , DTLL): 0080 - FFFF (If DTLH , L = 0000, 


(Data length high or low) 


number of bytes = 65,536). 


EAOH/EAOL 


indicates the location of a correctable ECC error by using an offset value from the first 


(Error address offset high or low) 


ECC byte to the first byte of the ECC error. 


EC 


Specifies whether or not to generate the ECC error correction pattern when the read data 


(Error correction) 


command is executed. When EC = 1, correction pattern is generated. 


EHN 


Specifies the number of the last read/write head to be selected. EHN: 00 — 4F. 


(End head number) 




EPT1, EPT2, EPT3 


Three-byte data pattern used to correct an ECC error byte. 


(Error pattern 1, 2, 3) 




ESN 


Specifies the last sector number within a track. ESN: — FF. 


(End sector number) 




EST 


Indicates the status of the completion of a disk command execution. 


(Error status byte) 




FA 


Specifies formatting to be performed only in the address areas. For hard sector: from lead- 


(Format Address Area) 


ing edge of sector pulse to end of address pad. For soft sector: from beginning of ISG to 




end of address area. 


FLAG 


Specifies the FLAG pattern within the IDs. 


(Flag) 




GO, G1 


Specifies a group to set parameters for specify 1 or specify 2 command execution. (Binary 


(Group 0, 1) 


encoded.) 


GN1-7 


Each byte specifies a group number 1 , 2, or 3 corresponding to drive 1 through 7, 


(Group number) 


respectively. An FF value indicates that the drive is not connected. 


GP1L 


Specifies the length of Gap 1 (portion that follows leading edge of index pulse in LSG). 


(Gap 1 length) 




GP2L 


Specifies the length of Gap 2 FSTG + (portion that precedes leading edge of index pulse 


(Gap 2 length) 


in ISG). 


IIF1-7 


Indicates parameters for operations set in the |ttPD7262. 


(Internal Information 1-7) 




IIS 


Specifies parameters for operations to be read from the jaPD7262. 


(Internal Information selection) 
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Table 10. Disk Command Parameters (coittf 



Parameter 


Function 


LCNH/LCNL 


Indicates a logical cylinder number on the media. 


(Logical cyclinder number high or low) 




LHN 


Indicates a logical head number on the media. 


(Logical head number) 




LSN 


Indicates a logical sector number on the media. 


(Logical sector number) 




MODE 


Specifies the operation mode of the jnPD7262. 


(Mode) 




PCNH/PCNL 


Specifies the seek destination cylinder of a physical seek operation. These parameters are 


(Physical cylinder number high or low) 


retained in the jttPD7262 after execution of a command. 


PHN 


Specifies the physical head number (PHN ^ EHN). 


(Physical head number) 




PLOL 


Specifies the PLO SYNC length. 


(PLO length) 




PSN 


Indicates a physical sector number. 


(Physical sector number) 




RDTH/RDTL 


Indicates the result status that a drive sends back to the jiiPD7262 in response to a serial 


(Returned data high or low) 


command. 


SBST 


Indicates a drive that is in a seek operation. Bits 1-7 correspond to drives 1-7, 


(Seek busy status byte) 


respectively. 


SCSI 


Indicates a drive that has completed a seek operation. Bits 1-7 correspond to drives 1-7, 


(Seek complete status byte) 


respectively. 


SCT/SCTH/SCTL 


Indicates the number of sectors to be processed. If SCT = 00, number of sectors » 256. If 


(Sector count/sector count high or low) 


SCTH, SCTL = 0000, number of sectors = 65,536. 


SEST 


Indicates a drive in which a seek error has occurred. Bits 1-7 correspond to drives 1-7, 


(Seek error status byte) 


respectively 


SK 


Specifies a skew access operation for hard sector only; see "SKB/V FUNCTION" section. 


(Skew) 




SSTH/SSTL 


Indicates the standard status of a drive. 


(Standard status byte high or low) 




STR 


Indicates the internal status of the juPD7262. 


(Status register) 




TCTH.TCTL 


Indicates the number of tracks to be formatted. If TCTH , TCTL = 0000, then numk>er of 


(Temporary count high or low) 


tracks = 65,536. 


TCOH/TCOL 


Indicates a temporary offset for a logical cylinder number to determine the cylinder to be 


(Temporary cylinder offset high or low) 


seeked. 


TIME 


Sets the internal reference time (ts) for ESDIC operation, ts - 480 CLKx time. (If 


(Time) 


time = 0, ts = 480 CLKx 256). 


TMOD 


Specifies the serial communications transmit/receive mode. 


(Transfer mode) 





Table 1 1. Disk Subcommands 



Subcommand 


Description 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


Chip reset 


Resets the iaPD7262. 























1 


Clear data FIFO 


Clears the FIFO data. 




















1 





Mask SRQ interrupt 


Masks SRQ interrupt. 

















1 








Clear command end bit 


Clears a disk command execution 
(completion condition). 














1 
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Result Status 

The result status provides information with which the 
fiPD7262 Informs the host system of the conditions 



following a disk command execution. The first result 
status byte is the error status byte (table 12), which 
indicates the condition of command termination. 



Tabic 12, 


Error Status Byte (EST) 


Bit No. 


Name 


Contents 


D7 


MS/C (Missing seek/ 
correciable error) 


IVIS is selected when thie IDE bit of STR is set to 0, and C is selected when the IDE is 1. 
When IDE = 

Indicates that an error has occurred in implied seek or multicylinder operation. 

1 Indicates that there is no implied seek or multicylinder operation, or that 
they were executed normally. 

When IDE = 1 

A noncorrectable error has occurred. 

1 A correctable error has occurred. 


D6 


CVR (Overrun) 


Indicates that the data FIFO has overflowed or underf lowed during data transfer operation. 


D5 


DBY (Drive busy) 


Indicates an attempt to transmit a serial command to a disk drive that Is executing a serial 



command. 



D4 ATN (Attention) indicates detection of an ATT signal from a disk drive. 



D3 


NR (Not ready) 


Indicates that the disk drive is not in the ready slate. 


D2 


ND (Not data) 


Indicates that the specified sector is not found. 


D1 


PE (Parity error) 


Indicates that a parity error was detected during serial communications. 


DO 


MBSP (Missing BSP) 


Indicates that the specified BSP is not found. 



APPLICATIONS 

Interfacing With the System Bus 

Figure 26 shows an example of how the /[tPD7262 
interfaces with the system bus. The following types of 
devices are used. 

/[iPD71071 DI\/IA controller 
/iiPD71082 8-bit latch 
/iPD71086 8-bit bus transceiver 

To prevent access by an external bus during the DMA 
cycle, the AEN signal of the /iPD71 071 is used to disable 
the bus transceivers. 



Interfacing With the Disk Drive 

Figure 27 shows an example of the interface between 
the ^PD7262 and hard-disk drive. In the example/the 
external data selector and demultiplexer combination 
is used to: 

• Separate the read/write head select signals 

• Output data when executing a read/write disk com- 
mand 

• Control the different signals associated with the 
serial commands. 

The demultiplexer and multiplexer combination pro- 
vides signals that the disk drives can input or output 
Independent of the drive select signals. 
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Figure 26. Example of the System Bus interface 
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Figure 27, Example of the Interface Between the MPD7262 and a Hanf-Di^ Drive 
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-+WRITE CLOCK 
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-INDEX 
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SECTOR FORMATS 

Figure 28 shows the hard-sector and soft-sector formats for a hard-disk drive. 
Figure 28, Hard-Sector and Soft-Sector Formats 
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ISG s Inter Sector Gap 

ABSP = Address Byte Sync Pattern 

DBSP = Data Byte Sync Pattern 

FSTG = Format Speed Tolerance Gap 
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MPD72061 
CMOS Hard-Disk Controller 



Description 

The /14PD72061 is a hard-disk controller featuring low 
power consumption and high-speed data transfers. 
Based on the iitPD7261 A/B, it provides control signals for 
interfacing SMD/SMD-E and ST506/412 type drives. The 
sophisticated instruction set minimizes the software 
overhead for the host microprocessor and gives the user 
flexibility in selecting operating parameters. 

The DMA interface signals of the iLiPD72061 facilitate 
multisector and multitrack data transfers. Extensive er- 
ror reporting, verify commands, and CRC/ECC data 
error checking assure reliable controller operation. 

An 8-byte FIFO is used for loading command parameters 
and obtaining command results. This makes structuring 
of drivers a simple task. The FIFO also buffers data 
during DMA read/write operations. 

Features 

□ Flexible interface supports SMD/SMD-E and 
ST506/412 type drives 

□ Programmable track format 

□ Controls up to eight drives in SMD-type mode, four 
drives in ST506-type mode 



□ Parallel seek operation 

□ Multisector and multitrack transfer 

□ Data scan and data verify 

□ High-level commands, including: 

— Read Data, Write Data, Scan Data, Verify Data 

— Read ID, Verify ID 

— Check, Seek (normal or buffered), Specify 

— Read Diagnostic (SMD only), Detect Error 

— Format 

□ NRZ or MFM format 

□ Read/write clock frequency: 24 MHz max 

□ Error detection and correction 

□ CMOS 

□ ^PD7261A/B compatible 

□ Single +5-volt power supply 

□ 40-pin plastic DIP, 52-pin plastic miniflat, 52-pin 
PLCC 

Ordering Information 

Part Number Package 

jttPD72061C 40-pin plastic DIP 

jaPD7206lGO3B6 52-pin plastic miniflat 

_____ 52-pln PLCC 
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/iPD72061 Block Diagram 
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Description 

The /nPD72111 is a small computer system Interface 
controller (SCSIC) conforming to ANSI X3T9.2/82-2 
Rev.17B. The /[iPD72111 SCSI controller offers a true 
16-bit CPU data bus but also can be interfaced to an 
8-bit CPU data bus. 

The /iiPD72111 contains functions for controlling the 
sequence between bus phases so that host processor 
overhead can be reduced. In addition, single-ended type 
bus drivers/receivers are internally provided on the SCSI 
bus side so that system size can be reduced. 

The /[iPD7211l was developed utilizing NEC's 1.2-/im 
CMOS process technology for low power consumption. It 
operates from a single 5-volt supply and Is available In 
plastic DIP, PLCC, and miniflat packages. 

Features 

□ Conforms to ANSI X3T9.2Rev.17B 

— Arbitration function 

— Disconnection/reconnection function 

— Parity generation and check function 
° Two different data transfer modes 

-- Synchronous: 4.0 Mbytes/second max; offset 
value selectable from 1 to 8 

— Asynchronous: 4.0 Mbytes/second max target 

□ 16 commands reduce host CPU load; automatic 
execution of standard operation as SCSI controller 
can be performed by a single command 

□ Operates as initiator or target 

□ Internal single-ended type SCSI bus drivers (48-mA) 
and Schmitt-type receivers 

□ CPU data bus width selectable (16 bits or 8 bits) 

□ Programmed transfer or DMA transfer selectable 

□ Internal 24-bit transfer counter 

□ FIFO-type data buffers on SCSI bus side and CPU 
bus side 



Ordering Information 



Part No. 


Package 


|tiPD72111CW 


64-pln plastic shrink DIP (750 mil) 


|ttPD72111L 


68-pln PLCC 



jttPD721 1 1 GJ-5BJ 74-pin plastic miniflat 



/tPD72111 
Small Computer System 
Interface Controller 



Pin Configurations 

64'Pin Plastic Shrink DiP (TSO mil) 
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Pin Identification 



Symbol I/O Signal Function 



CPU Interface Pins 



A0-A2 In Address bus, bits 0-2. Specifies direct access 
register to be accessed. 

In Chip Select. Enables internal register accessing. 



D0-D15 



I/O Data bus, bits 0-15. Function depends on bus 
mode. 

16-Bit Bus ly/lode 



D0-D7 
D8-D15 



Lower 8 data bits 
Upper 8 data bits. 



8-Bit Bus Mode 



D0-D7 
D8-D15 



8 data bits 

High-impedance state 



DMAAK 


In 


DMA Acl<nowledge. DMA service enable signal 

input. 


DMARQ 


Out 


DMA Request. DMA service signal output 


DPH 


I/O 


Data Parity High. In 16-bit bus mode, parity bit for 
data bits D8-D15. In 8-bit bus mode, this pin 
becomes high impedance. 


DPL 


I/O 


Data Parity Low. Parity bit for data bits D0-D7. 




Out 


End of Process. Open-drain output that terminates 
DMA service data transfer. 


INT 


Out 


Interrupt Request. Open-drain output to CPU. 


R5RD 


In 


I/O Read. Enables CPU to read contents of 
jttPD721 11 Internal register. 




In 


I/O Write. Enables CPU to write data to mPD721 11 
internal register. 


DBE 


In 


Upper Byte Enable. In 16-bit bus mode, indicates 
that upper 8 bits of data bus are valid; UBE and 



address Aq determine how internal register 
accessed. 



Ao. 


UBE 


Register Access 








16-bit units P0-D15) 





1 


8-bit units (D0-D7) 


1 





8-bit units Ps'^is) 


1 


1 


Not allowed 



Symbol I/O Signal Function 



ma 



I/O Message. 

Combinations of these signals determine the SCSI 
bus phase. 



MSG 


C/D 


T/0 


Bus Phase 


1 


1 


1 


Data-out 


1 


1 





Data-in 


1 





1 


Command 


1 








Status 








1 


Message-out 











Message in 





I/O 


Requests transfer of target information. 


RST 


I/O 


Reset. When RST signal is detected, j»PD72111 
immediately releases SCSI bus, sets INT pin 
active, and then enters idle state. 


SI7 


I/O 


SCSI data bus, bits 0-7. 




I/O 


Parity bit for SCSI data bus. 


SEC 


I/O 


Indicates that the select/reselect operation is being 
executed. 


Other Pins 


CLK 


In 


External clock. 


RESET 


in 


System reset. 


QNDO 




Ground (0 V). 


GND1 




Driver/receiver ground (0 V). 


Vdd 


In 


+5-volt power supply 



Notes: 

(1) Each SCSI interface pin has an open-drain driver and a Schmitt 
receiver so that the juPD72111 can be directly connected to a 
single-end SCSI bus. 

(2) After reset, the status of each output pin and each I/O pin Is 
high-impedance except: 

DMARQ High level 
EOP High level 
INT Low level 



16B In 16-Bit Bus. Selects bus mode: » 16-bit; 
1 = 8-bit. 



SCSI inter face Pins 


aCk 


I/O 


Acltnowiedge. Indicates that initiator has accepted 
the target information transfer request. 


ATN 


I/O 


Attention. Indicates that initiator is requesting the 
message-out phase. 


bSy 


I/O 


Busy. Indicates that another SCSI device is 
currently using the bus. 


C/D 


I/O 


Command/Data. 


I/O 


I/O 


input/Output. 
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/iPD72111 Block Diagram 
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Typical System Configuration 



jiPD71 071 From CPU (Local Bus) 
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Internal Blocks 



Name Description 


SCSI bus 


Open-drain driver for a single-end SCSI bus 


driver/receiver 


and a Schmitt-type receiver. 


AiDii ration/ 


Controls execution sec|uence of arbitration, 




<$AlArtinn and rA<%alfiCtion ohasfiS' consistfi of a 

Owlowil VI l| Cll Iw l90wl9V/liWI 1 I6l9ww| wWIIOIwiw Wl w 


control 


timing generator and a sequencer. 


Bus phase 


Outputs a signal that specifies bus phase type*, 


wwl III VI 


also monitors bus phase to detect a transition. 


SCSI transfer 


Controls data transfer operation on the SCSI 


control 


bus in each data transfer phase: data-in, data- 




out, status, message-in, and message-out. 




Controls SCSI protocol according to REQ and 




ACK Signals. 




Controls data transfer executionAermination 




of-r>r\rriir\n 4/\ COQI ETilT^ e+o4i le 

accoraing TO oooi rirw siaius. 




Contains a 24-bit transfer counter that manages 




the amount of transfer data on the SCSI bus. 


SCSI FIFO data 


Eight-bit, eight-stage asynchronous FIFO that 


Ki iffar 

ouTTer 


aujusis aiTTerenco Deiwoen uaia iiansTor iirniny 




of internal and external SCSI buses; also used 




for queuing received data for synchronous data 




transfer. 


Command/ 


uecooes receiveu comrnanQ anu mossago, 


message 


generates decoded signal that specifies the next 


decoder 


sequence. 


Qr^QI narStv/ 
OOOl pailiy 


^anarotAe narltw that uuill Ka ottar^hari rlata 
UenoialoS paiiiy inai WIII do elllawnoa XO uaia 


generator/ 


output to SCSI data bus; or checks parity 


checker 


attached to data read out from SCSI data bus. 


iviain conirui 


oequencer inai conirois rnicroprograni, 




/M^arafinn f\f aa^K Kln^U anH f^nniml eoniianca 
uporsiiwri OT oavri uiuvk, cinu voniioi oowjuoriuo. 


internal transfer 


Controls data transfer between SCSI FIFO and 




1 II w Wl WOlWWii 1 opioid 9 III 11 Iw IllUliOvi Clwwv99 




legisier diock. 




Controls 8-bit/16-blt conversion when host CPU 




is set to 16-bit bus mode. 


Direct access 


0/\fv%i^pieao PA/^{e4ape 4Ho4 l^a rlSra^4l%# 

v/ompnsos regisiers inai wan do airewuy 


registers 


accessed from host CPU, such as command 




register, status register, etc. 




indirect access 


uomprises regisTers inai wannoi ue airowuy 


registers 


accessed from host CPU, but that can be 




accessed through the window In the direct 




access register. 


FIFO data 


This 16-bit, eight-stage asynchronous FIFO 


buffer 


increases usage rate of host bus. In 8-bit mode. 




only the lower 8 bits are used; in 16-bit mode. 




accessing in 8-bit units is not possible. 


Interrupt control 


Sets/resets interrupt request signal. 


Read/write 


Controls read/write operation of various internal 


control 


registers; also controls 8-bit accessing in 16-bit 




mode. 


Bus-size 


Converts bus size according to bus mode. 


converter 





NEC 



Kame Description 


Host parity 

generator/ 

checker 


Generates parity that will be attached to data 
output to CPU data bus; or checks parity 
attached to data read out from CPU data bus. 


DMA request 
control 


Generates DMA service request signal (DMARQ) 
according to FIFO status; also controls termina- 
tion of command operation by EOP signal. 


Absolute Maximum Ratings 

Ta = +25''C 


Supply voltage, Vqd 








-0.5 to -1-7.0 V 


Input voltage, V| 








-0.5 to Vdd + 0.5 V 


Output voltage, Vq 








-0.5 to Vdd + 0-5 V 


Operating temperature, Tqpt 




-10 to +70*'C 


Storage temperature, Tstq 






-65 to +150-C 


DC Characteristics 

Ta « -lOto +70°C; Vdd = 


+5.0 V ±10% 


Parameter 


Symbol 


MIn 


Max 


Unit 


Condlttons 


Low-level 


V|L1 





0.8 


V 


Other than CLK 


input 
volt^age 


V|L2 





0.6 


V 


CLK 


High-level 


V|H1 


2.2 




V 


CPU bus 


input 
voltage 


V,H2 


2.0 




V 


SCSI bus 




V|H3 


3.9 




V 


CLK 


Input 

hysteresis 


Vhi 


0.2 




V 


SCSI bus 


Low-level 


VOLI 




0.4 


V 


loLi = 2.5 mA; CPU bus 


output 
voltage 


V0L2 




0.4 


V 


l0L2 - 48.0 mA; SCSI bus 


High-level 

output 

voltage 


VoH 


2.4 




V 


loH = -400 jttA; CPU bus 


Low-level 
input 


'lili 




-10 


M 


V, = OV;CPU bus 


leakage 
current 


'lIL2 




-1.0 


mA 


V| = OV; SCSI bus 


High-level 
input 


'lihi 




10 




Vi = Vdd; CPU bus 


leakage 
current 


IlIH2 




0.1 


mA 


Vi « Vdd; SCSI bus 


Low-level 
output 
leakage 
current 


•lol 




-10 


M 


V| « OV;CPU bus 
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DC Characteristics (cont) 



Parameter 


Symbol 


Min 


Max Unit Conditions 


High-level 
output 


>L0H1 




10 jttA Vo = Vdd; CPU bus 


leakage 
current 


•lOH2 




0.25 nnA Vo = Vdd! SCSI bus 


Supply 
current 


bo 




100 mA At 16 MHz 


Capacitance 

Ta = +25°C; Vdd = 


OV;f 


« 1 Mhz 


Item 


Symbol MIn Max Unit Conditions 


Input 

capacitance 


C| 




20 pF CPU bus; unnneasured 
pins at OV. 


Output 
capacitance 


Co 




20 pF 



Input/output 
capacitance 



C|01 



20 pF 



Ci02 



100 pF SCSI bus; unmeasured 
pins at V. 



Figure 1, Vbttage Tfireshoids for Timing 
Measurements 



CPU bus 
interface pins 



SCSI bus 
Interface pins 



Vlt 2.2 V 
/\ 0.8 V 



Vie 2.0 V 
0.8 V 



Figure 2, Ciocli Timing 




Figures RESET Waveform 




AC Characteristics; CPU Bus interface 

Ta = -10 to +70°C; Vdd = +5.0 V ±10%; see figure 1 for timing 
measurement voltage thresholds 



Parameter 


Symbol MIn Max Unit Conditions 


Clocic (figure 2) 


CLK input cycle time 


*CYK 


60 




ns 


CLK input high-level width 




25 




ns 


CLK input low-level width 


^KL 


25 




ns 


CLK input rise time 






10 


ns 


CLK Input fall time 


tKF 




10 


ns 


Reset (figure 3) 


RESET low-level width 


tRSRSL 


16 




tCYK 


CPU Bus Read (figure 4) 


U5 set time to IGRD i 


tSCSR 


20 




ns 


US hold time 
from lORD t 


tHRCS 







ns 


Address set time 
toiDRDi 


tSAR 


20 




ns 


Address hold time 
from iORD t 


*HRA 







ns 


DMAAK set time to lORD i 


*SDAR 


20 




ns 


DMAAK hold time from lORD t tHRDA 







ns 


lORD low-level width 


tRRL 


80 




ns 


lORD t to data output 
delay time 


tORD 




50 


ns 


IGRD t to data float time 


tpRD 





50 


ns 


lORDtto DMARQt 
delay time 


bRDQ 




80 


ns 


a»UBue Write (figure S) 


US set time to iOWR 4 


tscsw 


20 




ns 


US hold time from lUWR t 


*HWCS 







ns 


Address set time to lOWR i 


tSAW 


20 




ns 


Address hold time 
fromiUWRt 


tHWA 







ns 


DIVIAAK set time to lOWR i 


tSDAW 


20 




ns 


DMAAK hold time from 
iUWRt 


^WDA 







ns 


lUWR low-level width 


tvvwL 


80 




ns 


Data set time to lOWR t 


^SDW 


20 




ns 


Data hold time from lOWR t 


VlWD 







ns 


iUWRtto DMARQt 
delay time 


tpWDQ 




80 


ns 


Otiier CPU ekis (figure 6) 


iUWRttoIURDj 

or lOWR t recovery time 




80 




ns 
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AC Characteristics; CPU Bus Interface (cont) 



Parameter 


Symbol Min Max Unit Conditions 


!DRD t to IGRD 4 or IOWR i 
recovery time 


tpvR 80 




ns 


ICrO t to EOP i delay time 


tOREP 


40 


ns 


iDWR t to EUP i delay time 


tpwEP 


40 


ns 


K5R0t to INT i delay time 


toRi 


40 


ns 


R5WRttolNT4delay time 


tpwi 


40 


ns 


INT low-level width 


t|IL 2 




tCYK 


AC Characteristics; SCSI Bus Interface 

Ta = -10 to +70*C; Vdd = +5.0 V ±10%; see figure 1 for timing 
measurement voltage thresholds 


Parameter 


Symbol Min Max Unit Conditions 


Arbitration (figure 7) 


Bus free detection to 
BSY response time 


tDBFBY 14 




tCYK 


BSY 4 to ID output 
delay time 


^BYID 




ns 


BS?4.toSm:i 
delay time 


tDBYSL 36 




tCYK 


Seiection as initiator ffiguro 8) 


SEE i to ID output 
delay time 


toSLIDi 20 




tCYK 


SEL4toACR,/ifR 
output delay time 


^DSLAK 20 




*dYK 


?i;CK, >TO output to 
B§7 1 delay time 


tDAKBY 2 




k)YK 


BS7ttol§7i 
input valid delay time 






tCYK 


BS7;toSEC:t 
output delay time 


toBYSLI 2 




tCYK 


Seiaction as target (figure 9) 


BS7hold time fromSEC>l 


tHSLBYl 




ns 


ID set time from BS7 1 


tsiDBY 




ns 


BS? t to BS7 i output delay time lofffBfz 10 




tCYK 


ID hold time from IS? i 


tHEYIDI 




ns 


SIC hold time from B§74 


tHEYSLI 




ns 


set time to SEC t 


*SATSL 




ns 


See t to target output 
delay time 


*DSLTQ 2 




bYK 


Reseiection as initiator (figure 10) 


W? hold time from SIE i 


tHSLBY2 




ns 


ID set time to 6S7 1 


%IDBY 




ns 


T/OsettimetoBS?t 


tslOEY 




ns 



Parameter 


Symbol Min Max Unit Conditions 


See t to /TO output 

delay time 


*DSLAT 2 


*CYK 


B57 1 to BS7 1 output 
delay time 


tOBYBYS 10 


tCYK 


ID hold time from BS?4< 


*HEYID2 


ns 


See hold time from BS7 ; 


tHBYSL2 


ns 


SlE t to BS7t output 
delay time 


toSLBY 2 


teYK 


Reseiection as target (figure 11) 


SEE t to ID output delay time 


*DSLID2 20 


tCYK 


SEE i to target output delay 
time 


toSLTG 


ns 


ID output to I/O output delay 
time 


tDIDIO 


ns 


T/0 input to IS? t output delay 
time 


toiOBY 2 


tCYK 


BS? t to BS? 4. input valid delay ^BfB^A 8 
time 


tCYK 


BS? i to SEE t output delay 
time 


tDBYSL2 2 


tCYK 


Receptimt as initiator in asynciironous mode; tfata-in, 
status, and mess^e4n piiases (figure 12) 


SEE t to phase input valid delay tpsLPHi 
time 


ns 


T/0 i to data float delay time 


tpiODI 


ns 


Phase, set time to REQ4 


tSPHRQl400 


ns 


Data set time to REQ i 


tSDRQI 5 


ns 


RES i to i output delay 
time 


tDRQAKI 


ns 


Data hold time from ACR i 


*HAKD1 


ns 


REQ hold time from ACR ; 


V1AKRQI 


ns 


REQ t to aQK t output delay 
time 


bRQAK2 1 


tCYK 


Phase hold time from ACK t 


>IAKPH1 


ns 


Transfer as target in asynciironous mode; data-in, 
status, and message4n piiases fiigure 13) 


SEE t to phase output delay 
time 


tDSLPH2 2 


tCYK 


I/O i to data output delay time 


tolODI 


ns 


Phase set time to REQ i 


tSPHRQ2 500 


ns 


Data hold time to REQ 4, 


tSDRQ2 55 


ns 


REQ I to SQR 4, Input valid 
delay time 


tORQAKS 


ns 


7^ i to REQ t output delay 
time 


toAKRQI 1 


tCYK 



Data hold time from ACK 4, tHAKD2 ns 
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AC Characteristics; SCSi Bus interface (cont) 



Parameter 


Symbol Min Max Unit Conditions 


ACK hold time from REQ t 


tHRQAKI 


ns 


ACK t to REQ i output delay 
time 


*DAKRQ2 




Phase hold time from ACK t 


tHAKPH2 


tCYK 


Transfer as initiator in asynciironous mode; data-out, 
command, and message-in ptmses (figure 14) 


SEL t to phase input delay time tosLPHS 


ns 


I/O t to data output delay time 


tDI0D2 


ns 


Phase set time to REQ i 


tSPHRQ3 400 


ns 


Data set time to ACK i 


tSDAKI 55 


ns 


REQ i to ACK 4 output delay 
time 


*DRQAK4 1 


*CYK 


Data hold time from REQ t 


*HRQD1 


ns 


REQ hold time from aCK ; 


tHAKRQ2 


ns 


REQ t to ACK t output delay 
time 


tDRQAK5 "J 


tcYK 


Phase hold time from ACK t 


tHAKPH3 


ns 


Reception as target in asynciironous mode; data-out, 
command, and message-out phases (figure IS) 


SEL t to phase output delay 
time 


tDSLPH4 2 


tCYK 


I/O t to data float delay time 


tF!0D2 


ns 


Phase set time to REQ 4, 


tSPHRQ4 500 


ns 


Data set time to ACK i 


*SDAK2 5 


ns 


MeQ i to ACK i input valid 
delay time 


toRQAKe 


ns 


ACK ; to ReQ t output delay 
time 


tDAKRQ3 V 


*CYK 


Data hold time from REQ t 


*HRQD2 


ns 


ACR hold time from REQ t 


tHRQAK2 55 


ns 


ACRhold time from REQ t 


tHRQAK2 55 


ns 


ACR t to ReQ I output delay 
time 


tDAKRQ4 1 


tCYK 


Phase hold time from ACK t 


*HAKPH4 1 


kjYK 


Reception as initiator in synclironous mttde; data-in 
phase (figure 16) 


SEL t to phase Input delay time tosLPHS 


ns 


i/0 i to data float delay time 


%I0D3 


ns 


Phase set time to REQ i 


tSPHRQS 400 


ns 


Data set time to REQ i 


tSDRQ3 5 


ns 


Data hold time from REQ i 


tHRQD3 5 


ns 


REQ input low-level width 


tRQRQLI 50 


ns 


REQ t to REQ X recovery time 


t|VRQ1 2 


tCYK 


ACK output low-level width 


tAKAKLI 2 


tcYK 



Parameter 


Symbol Min Max Unit Conditions 


Phase hold time from ACK t 


*HAKPH5 


ns 


Transfer as target in synchronous mode; data-in phase 
(figure 17) 


SEL t to phase output delay 
time 


toSLPHS 2 


tCYK 


I/O i to data output delay time 


toiODS 


ns 


Phase set time to REQ i 


tSPHRQS 500 


ns 


Data set time to REQ i 


tSDRQ4 55 


ns 


Data hold time from REQ i 


tHRQD4 125 


ns 


REQ output low-level width 


tRQRQL2 2 


tCYK 


ACK input low-level width 


tAKAKL2 50 


ns 


ACK t to ACK i recovery time 


tR\A\K1 2 


*Cyk 


Phase hold time from ACK t 


tHAKPHS 1 


*CYK 


Transfer as initiator in synchronous mode; data-out 
phase (figure 18) 


SEL t to phase input valid delay tosLPH? 
time 


ns 


I/O i to data output delay time 


tDI0D4 


ns 


Phase set time to REQ i 


tSPHRQ7 400 


ns 


Data set time to ACK i 


tSDAK3 55 


ns 


Data hold time from ACK i 


WkD3 125 


ns 


REQ input low-level width 


*RQRQL3 50 


ns 


REQ t to REQ 1 recovery time 


tRyRQ2 2 


tCYK 


ACK output low-level width 


tAKAKLS 2 


bYK 


Phase hold time from ACK t 


tHAKPH? 


ns 


Reception as target in synchronous mode; data-out 
pitase (figure 19) 


SEL t to phase output delay 
time 


bSLPHB 2 


tCYK 


I/O i to data float delay time 


tFI0D4 


ns 


Phase set time to REQ i 


%PHRQ8 500 


ns 


Data set time to ACK i 


*SDAK4 5 


ns 


Data hold time from DAK 4, 


tHAKD4 5 


ns 


REQ output low-level width 


tRQRQL4 2 


*CYK 


ACK input low-level width 


tAKAKL4 50 


ns 


ACK T to ACK i recovery time 


tpM^K2 125 


ns 


Phase hold time from ACK t 


tHAKPHS 1 


*CYK 


Arbitration; bus free (figure 20) 


SEL i to ID float delay time 


tpSLID 41CYKns 
+50 


Selection/Deselection; bus free (figure 21) 


ID float to SEL t delay time 


toiDSL 3200 


tCYK 



§EL t to control float delay time tpsLCTL ns 
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Figure 4. CPU Bus Read 
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Figure 6. Other CPU Bus Timing 




Figure 7. SCSi Bus; Arbitration 
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Figure 8, SCSi Bus; Selection as initiator 
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Figure 9. SCSi Bus; Seiection as Target 
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Figure 10. SCSI Bus; Reselection as Initiator 
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Figure 11. SCSI Bus; Reselection as Target 
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Figure 12. SCSI Bus; Reception as Initiator 
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Figure 13. SCSI Bim; Transfer as Target 
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Figure 14. SCSi Bus; Transfer as Initiator in Async HMode 
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Figure IS. SCSI Bus; Rec^tion as Target In Async Mode 
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Figure 16, SCS! Bus; Reception as initiator in Sync Mode 
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Figure 17. SCSi Bus; Transter as Target in Sync Mode 
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Figure IB. SCSI Bus; Transfer as Initiator in Sync Mode 
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Figure 19. SCSi Bus; Reception as Target in Sync Hiode 
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Figure 20. SCSI Bus; Arbitration, Bus Free 




Figure 21. SCSi Bus; Seiection/Reseiection, Bus Free 




DIRECT ACCESS REGISTERS 

Table 1 lists the 10 internal registers that can be directly 
accessed from the host CPU. The register address is 
specified by pins A2-A0. 

Table I, Direct Access Roisters 



Table 1. Direct Access Registers (conp 



Address A2-A0 


R/W 


Symbol 


Register Name 


000 


R/W 


DFL 


Data FIFO 


001 


R/W 


DFH 




010 


R 


CST 


Controller status 


oil 


R/W 


ADR 


Address 


100 


R/W 


WIN1 


Window 


101 


R/W 


WIN2 




110 


R 


TP 


Terminated phase 




W 


DID 


Destination ID 



Address A2-A0 


R/W 


Symbol 


Register Name 


111 


R 


1ST 


Interrupt status 




W 


CMD 


Command 



Data FIFO Register 

The 16-bit data FIFO register (figure 22) is used to write 
or read data (including command, status, and message 
data) accessed through the SCSI bus. 

In the 8-bit mode, only the lower 8-bit DFL register at 
address OH is used. The contents of the upper 8-bit DFH 
register at address 1H are fixed to OOH. 

In the 16-bit mode, the register is ac cessed to/from 
address OH with signals Aq = and UBE = 0. When data 
is sent to the SCSI data bus, the DFL contents are output 
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first, followed by the DFH contents. When data is sent, 
the first byte fills DFL and the second byte fills DFH. 

The data FIFO register empties when a RESET signal is 
input, the CHIP RESET command is executed, or the 
CLEAR FIFO command is executed. 

Figure 22. DFL and DFH Registers 



16-Bit Mode 

DFH 



DI5 


D14 


D13 


D12 


D11 


D10 


D9 


D8 


DFL 


D7 


D6 


05 


D4 


D3 


D2 


D1 


DO 








8-Bit Mode 














DFL 








07 


D6 


D5 


D4 


D3 


D2 


D1 


DO 



Controller Status Register 

The 8-bit CST register (figure 23) indicates the operating 
condition of the mPD72111. This is a read-only register; 
data written to CST becomes invalid. 

The va lue of the CST register becomes 82H when a 
RESET signal is input or the CHIP RESET command is 
executed. 

Address Register 

When accessing an indirect access register, the address 
should be set to the 8-bit ADR register and the window 
register (WIN1, WIN 2) accessed. Bit 7 of ADR (figure 24) 
specifies the mode and bits 5-0 specify the address of the 
Indirect access register. 

In the auto-Increment mode, each access automatically 
Increments the contents of the lower 6 bits of ADR 1 
for the 8-bit bus mode, +2 for the 16-bit bus mode). 

The ADR register is reset to OOH by a RESET signal or by 
execution of the CHIP RESET command. 



Figure 23, CS T Register 





7 






DFH 









2H 


CBSY 


INTRQ 


CST1 


CSTO 


ATNC 


FFUL 


FEI^P 


DRQ 




















CBSY 




jiiPD72111 Command Execution Status 






1 




Idle (waiting for a command or executing a type 
A command 

Busy (executing type B or C command) 


INTRQ 


CPU interrupt Request 









1 




Not generated 
Generated 










CST1, CSTO 


fiPD72111 Operating Condition 









1 



1 



Disconnected state 
Initiator state 
Target state 










ATNC 




ATN Pin Status 












1 




lnactive(high level) 
Active (low level) 










FFUL, 


FEMP 


FIFO State 















1 



1 



Neither full nor empty 

Empty 

Full 








DRQ 




DFUDFH Register 











1 




Accessing DFL/DFH is disabled 

Writing to or reading from DFL/DFH is requested 


Figure 24, 


ADR Register 












7 






Read/Write 









3H 


AINC 





ADR5 


ADR4 


ADR3 


ADR2 


ADR1 


ADRO 




















AINC 


Mode for Accessing an indirect Access Register 





1 


Normal mode (address in not automatically updated 
Auto-increment mode (address is automatically updated) 


ADR5-ADR0 


indirect Access Register Address 




000000 


OOH 














111111 


3FH 















Window Register 

The window register (figure 25) comprises two 8-bit 
registers used as a window for accessing the Indirect 
access registers. With the /aPD72111 in the 8-bit mode, 
WIN1 and WIN2 are accessed to/from addresses 4H and 
5H, respectively. 
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In the 16-bit mode, WIN1 and WIN2 function as one 16-blt 
register accessed to/from address 4H. WIN1 and WIN 2 
hold the least- and most-significant bytes of the word, 
respe ctively. According to the settings of signals Aq and 
UBE, either or both registers can be accessed. 



Figure 26. TP Register 



Ao 


DBE 


Address 


Register Accessed 








4H 


WIN1, WIN2 





1 


4H 


WIN1 


1 





5H 


WIN2 



Figure 25. WiNi and WIN2 Registers 

16-Blt Mode 

WIN2 



4H 


DI5 


D14 


D13 


012 


Oil 


010 


09 


08 










WINI 










D7 


D6 


05 


04 


03 


02 


01 


DO 










8-Bit Mode 

WIN1 








4H 


D7 


D6 


05 


04 


03 


D2 


01 


DO 










WIN2 








5H 


D7 


06 


D5 


04 


03 


02 


01 


DO 



Terminated Phase Register 

The 8-bit TP register (figure 26) indicates the phase 
executed when a command execution is terminated. 

The TP register is reset to OOH by a RESET signal or by 
execution of the CHIP RESET command. 

Destination ID Register 

Bits 2-0 of the DID register (figure 27) set the ID of the 
target to be selected or the Initiator to be reselected. Bit 
7 of DID can be set to mask the Interrupt request signal 
(INp. The INTRQ bit of the CST register (figure 23) 
indicates whether the INT signal was generated or not. 

Zeros must be written to bits 6-3 of the DID register. 



Read Only 



TP7 


TP6 


TP5 


TP4 


TPS 


TP2 


TP1 


TPO 



TP7-TP0 


Command 


Execution Phase 




0000 0001 


SCSI RESET 


SCSI reset 




0001 0001 


SELECT 


Arbitration 




0001 0010 




Target selection 




0010 0001 


TRANSFER 


Information transfer 




0011 0001 


AUTO 


Arbitration 




0011 0010 


INITIATOR 


Target selection 




0011 0011 




Identify message transmit 




0011 0100 




Command transmit 




0011 0101 




Data transmit/receive 




0011 0110 




Status receive 




0011 0111 




Command complete messaj 


)e receive 


0100 0001 


RESELECT 


Arbitration 




0100 0010 




Initiator reselection 




0101 0001 


RECEIVE 


Information receive 




0110 0001 


SEND 


Information transmit 




0111 0001 


AUTO 


Selected waiting 




0111 0010 


TARGET 


Identify message receive 




0111 0011 




Conimand receive 




1000 0001 


RE-RECEIVE 


Arbitration 




1000 0010 




Initiator reselection 




1000 0011 




Identify message transmit 




1000 0100 




Data receive 




1001 0001 


RE-SEND 


Arbitration 




1001 0010 




Initiator reselection 




1001 0011 




Identify message transmit 




1001 0100 




Data transmit 




Figure 27. DiD Register 


7 




Write Only 






INTM 














DID2 


DID1 


DIDO 



INTM Interrupt Request Signal Mask Function 






Does not mask interrupt request (INT signal Is output 




when Interrupt Is generated 


1 


Masks Interrupt request (INT signal Is not output even If 




Interrupt request Is generated 


DID2-DID0 Setting ID of SCSI Device To Be Selected 


000 





1 1 1 


7 
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Interrupt Status Register 

The read-only 1ST register (figure 28) indicates the cause 
of the interrupt request. If the current contents of 1ST are 
not read out, they are retained and 1ST is not updated for 
new interrupt generation. 

Similarly, if the previous contents were not read out, 1ST 
would not have been dated for the current interrupt; 
however, the current Interrupt data would be retained 
elsewhere internally 

Bit 7 of the 1ST register indicates the group of the 
interrupt request generation source. The contents of bits 
6-0 depend on the value of bit 7. 

The 1ST register is reset to OOH by a RESET signal or by 
execution of the CHIP RESET command. 

Command Register 

The 8-bit CMD register (figure 29) is used by the CPU to 
write commands to the ^PD72111. Commands are de- 
scribed later in table 3. 

INDIRECT ACCESS REGISTERS 

The 27 registers listed in table 2 can be directly accessed 
by the CPU through a window in a direct access register. 
The register address is specified by the lower 6 bits of the 
ADR register (figure 24). 



Table 2, Indiiect Access Regis^s 



Address 


R/W 


Symbol 


Register Name 


OOH 


R 


TST 


Target status 


01H 


R 


SBST 


SCSI bus status 


02H 


R 


SID 


Source ID 


03H 


R/W 


MSG 


Message 


04H thru 


R/W 


CDBOO 


Command descriptor block 


OFH 




thru CDB11 




10H 


R/W 


TMOD 


Transfer mode 


11H 


R 


CTCL 


Current counter (lower 8 bits) 




w 


BTCL 


Base counter (lower 8 bits) 


12H 


R 


CTCM 


Current counter (middle 8 bits) 




w 


BTCM 


Base counter (middle 8 bits) 


13H 


R 


CTCH 


Current counter (upper 8 bits) 




w 


BTCH 


Base counter (upper 8 bits) 


14H thru 1FH 






Reserved 


20H 


R/W 


BFTOUT 


Bus free timeout 


21H 


R/W 


SRTOUT 


Selection/reselection timeout 


22H 


R/W 


RATOUT 


REQ/ACK handshake timeout 



23H R/W CDBL Command descriptor block length 



Table 2. Indirect Access Registers (cont) 

Address R/W Symbol Register Name 

24H mi MOD Mode 

25H R/W Pio Physical ID 

26H thru 3FH Reserved 

R = Read only; W = Write only; R/W = Read/Write 



6-89 



MPD72111 



SEC 



Figure28, tSTRegister 



Figure 29. CMD Register 



7H 



SRI 



Write Only 



Write Only 



SRI 


IST6 


IST5 


IST4 


IST3 


IST2 


IST1 


ISTO 


7H 


CMD7 


CMD6 


CMD5 


CMD4 


CMD3 


CMD2 


CIVID1 


CMDO 



SRI Interrupt Request Type 



Interrupt request caused by command termination 
(normal termination or abort) 

1 Interrupt request caused by service request issued to 
CPU 



IST6-IST0 



Interrupt Request Generation Source 






000 


AT 


000 


Command normal termination 





000 


AT 


001 


Command break 





001 


AT 


000 


Invalid command 





010 


AT 


000 


FIFO overrun/underrun 





010 


AT 


001 


Synchronous offset error 





010 


AT 


010 


SCSI bus parity error 





010 


AT 


Oil 


CPU bus parity error 





010 


AT 


100 


Bus free time-out error 





010 


AT 


101 


Select! on/reselecti on timeout error 





010 


AT 


110 


REQ/ACK timeout error 





011 





000 


Data-out phase error 





011 





001 


Data-in phase error 





oil 





010 


Command phase error 





oil 





oil 


Status phase error 





011 





110 


IVIessage-out phase error 





oil 





111 


Message-in phase error 





100 


AT 


000 


Unsupported SCSI command group 




000 





000 


Reset 




000 





001 


SCSI reset condition occurred 




001 





000 


Disconnected 




001 





001 


Reselected 




001 


AT 


010 


Selected 




010 





000 


Data-out phase started 




010 





001 


Data-in phase started 




010 





010 


Command phase started 




010 





oil 


Status phase started 




010 





110 


Message-out phase started 




010 





111 


Message-in phase started 




100 


AT 


000 


Message received 



AT bit is valid in target mode only It shows whether attention condition 
has occurred (AT = 1) or not (AT = 0). 



Target Status Register 

The TST register (figure 30) stores the status byte of the 
target received in the status phase during execution of 
the AUTO INITIATOR command. 



Figure 30. TSTRegister 



Read Only 



OOH 



TST 



SCSI Bus Status Register 

The SBST register (figure 31) indicates the status of each 
signal on the SCSI control bus. 

Figure 31. SBST Register 





7 






Read Only 






G 


01 H 


BSY 


SEL 


REQ 


ACK 


ATN 


MSG 


C/D 


I/O 



Status of Each Pin 



Inactive (high level) 

1 Active(low level) 



Source ID Register 

The read-only SID register (figure 32) stores the ID of the 
last SCSI device that selected the iuPD72111. Bits 6-3 are 
always read out as zeros. 

Figure 32. SID Register 



7 






Read Only 









02H 


S/R 














SID2 


SID1 


SIDO 



S/R i*PD721 1 1 Select/Reselect Operation 

Has neither been selected nor reselected (contents of 
SID2-SID0 are invalid) 

1 Has been selected or reselected (contents of SID2-SID0 
are valid) 



SID2- 
SIDO 

000 

111 



ID No. of Last SCDI Device That Selected fiPD72111 
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Message Register 

The MSG register (figure 33) sets transmit messages or 
stores receive messages wlien tlie ^aPD721 1 1 is transmit- 
ting or receiving. 

Figure 33. MSG Register 



Read/Write 



03H 



MSG 



Command Descriptor Blocic 

The 12 CDB registers (figure 34) set/store the command 
descriptor blocks of SCSI commands. 

Figure 34, CDB Registers 



Read/Write 



04H 
05H 
06H 
07H 
08H 
09H 
OAH 
OBH 
OCH 
ODH 
OEH 
OFH 



CDBOO 



CDB01 



CDB02 



CDB03 



CDB03 



CDB04 



CDB06 



CDB07 



CDB08 



CDB09 



CDB10 



CDB11 



Transfer Mode Register 

The TMOD register (figure 35) sets the mode for data 
transfer. Zero must be written to bit 3. 

Current Counter 

The 24-bit CTC register (figure 36) counts the number of 
data bytes transferred in the information transfer phase. 
This is a read-only register; data cannot be written to it. 

During execution of an Information transfer command, 
the CTC counter is loaded with the values in the BTC 
base counter. The values loaded from BTC to CTC are 
controlled by count select bits CI and CO of the com- 
mand code (table 5). 



Figure 35, TMOD Register 



Read/Write 



SYNC 


TPD2 


TPD1 


TPDO 





T0F2 


T0F1 


TOFO 



SYNC Data Transfer Mode 



Asynchronous nnode 
Synchronous mode 



TPD2- 
TPDO 



Cycles for Sync Mode Transfer Rate (at 16 MHz) 



16 clock cycles 

ool 



1.00 Mbytes/s 



010 4 clock cycles 



4.00 Mbytes/s 



011 6 clock cycles 



2.67 Mbytes/s 



10 8 clock cycles 



2.00 Mbytes/s 



101 10 clock cycles 



1.60 Mbytes/s 



110 12 clock cycles 



1.33 Mbytes/s 



111 14 clock cycles 



1.14 Mbytes/s 



T0F2- 
TOFO 



TfEd, 7(UR Pulse Offset Value for Sync Mode 



000 

1 1 1 



Figure 36, CTC Register 



Read Only 



11H 
12H 
13H 



CTCL 



CTCM 



CTCH 



Base Counter 

The 24-bit BTC register (figure 37) sets the number of 
data transfer bytes to be loaded into the CTC current 
counter. This Is a write-only register; the contents cannot 
be read out. The count values written to BTC are con- 
trolled by count select bits CI and CO of the command 
code, (table 5). 

Bus Free Timeout Register 

The BFTOUT register (figure 38) sets the bus free time- 
out. If OOH is written to this register, the timeout detection 
function will not operate. 
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Figure 37, B TC Register 



7 Write Only 



11H 




BTCL 


12H 




BTCM 


13H 




BTGH 








BTGH 




BTCM BTCL Number of Data Transfer Bytes 


OOH 




OOH OOH 




OOH 




OOH FFH 255 


OOH 




01 H OOH 256 




OOH 




FFH FFH 65,535 


01 H 




OOH OOH 65,536 




FFH 




FFH FFH 16,777,215 


Figure 38, BFTOUT Register 




7 


Read/Write 


20H 


BFTOUT 








BF TOUT Bus Free Timeout (at 16 MHz) 


OOH 




No timeout detection is performed 


01 H 




8.192 ms 




FFH 




2088.928 ms 



Selection/Reselection Timeout Register 



The SRTOUT register (figure 39) sets the timeout for the 
selection or reselect Ion operation. If OOH is written to this 
register, the timeout detection function will not operate. 



Figure 39, 


SRTOUT Register 






7 


Read/Write 





21H 


SRTOUT 










SRTOUT 


Selection/Reselection Timeout (at 16 MHz) 




OOH 




No timeout detection is performed 




01 H 




8.192 ns 







FFH 2088.928 ms 



REQ/ACK Handshiake Timeout Register 

The RATOUT register (fi gure 40) sets t he timeout for 
handshake operation of REQ and ACK signals during 
information transfer If OOH is written to this register, the 
timeout detection function will not operate. 



Figure 40, RATOUT Register 





7 


Read/Write 





22H 


RATOUT 










RATOUT 


RE^/A^ Timeout (at 16 MHz) 




OOH 




No timeout detection is performed 




01 H 




128 jus 






FFH 




32,640 us 





Command Descriptor Biocic Lengtii Register 

The CDBL register (figure 41) sets parameters for the 
group 6 and group 7 SCSI commands (vendor unique) of 
the SCSI specifications by using the AUTOINITIATOR 
command and the AUTO TARGET command. 

Figure 41, CDBL Register 



7 Read/Write 



CL73 


CL72 


CL71 


CL70 


CL63 


CL62 


CL61 


CL60 



CL73-CL70 Group 7 SCSI Command; CDB Length 

0001 1 byte 



1100 12 bytes 

1 101 Does not support group 7 SCSI commands 

■~; ~ (generates unsupported group command error) 

1111 



0000 



CL63-CL60 


Group 6 SCSI Command; CDB Length 


0001 


1 byte 




1100 


12 bytes 



1 101 Does not support group 6 SCSI commands 

' (generates unsupported group command error) 



1111 
0000 
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Mode Register 

The MOD register (figure 42) sets tlie /[iPD72111 opera- 
tion mode. 

Figure 42. MOD Register 



7 Read/Write 



DMA 


HPS 


DHP 


DSP 


NAM 


SIM 


RAEN 


SAEN 



DMA Data Transfer Mode (in data-in/data-out phase) 

Program I/O mode 

1 DMA mode 

HPS DHP CPU Bus Parity 

Odd parity 

1 Even parity 

X 1 Disable parity 

DSP SCSI Bus Parity 

Enable (even parity only) 

1 Disable parity 

NAM SIM Bus Arbitration Execution 

x Arbitration mode 

1 Non-arbitration mode (non-slngle-lnltlator mode) 
1 1 Non-arbitration mode (single-Initiator mode) 
RAEN Response (when reselected as initiator by target) 

Does not respond 

1 Responds 

SAEN Response (when reselected as target by initiator) 

Does not respond 

1 Responds 



Physical ID Register 

The PID register (figure 43) sets the ^PD72111's own 
physical ID on the SCSI system. Zeros must be written 
to bits 6-3. 



Figure 43. PiD Register 



7 Read/Write 



FEN 














PID2 


PID1 


PIDO 



FEN Controller Operation 

Does not operate as initiator 

1 Operates as initiator 

PID2- |iiPD72111's Own ID Number 
PIDO 

000 



111 7 



COMMANDS 
Descriptions 

The CPU controls the ;aPD72111 with the 16 commands 
described in table 3. Commands are listed in groups 
according to mode— initiator/target, initiator, and target. 

Command Code 

Table 4 gives the command code, status, and type for 
each command. 

Command Bits. Symbols for command bits in table 4 
are explained below. 

Symbol Function 

^''« ^0 Count select bits 

AT ATN signal status selection bit. (1 means 

the initiator is requesting the message-out 

phase.) 

MG, CD Transfer information specification bits 

The function of count select bits C1 and CO is to specify 
the value loaded to the current transfer counter. This can 
reduce the overhead of modifying the transfer counter. 
See table 5. 

Status. Table 4 specifies the status in effect when the 
command is issued. Symbols are explained below. 

Symbol Status 
D Disconnect 
I Initiator 
T Target 

Type. Table 4 classifies commands as type A, B, or C 
according to the execution status defined under 
>PD72111 Processing" below. 
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Table 3. Command Functions 



Moae 


Commsnd Namo 


Mnomonic 


Function 


iniiiaior or laryei 




ono 1 


noseis ]XrUf£.i 1 1 usiny soTiwaro. 






Dnrv 


DiscontinuBs command 6X6Cution. 






niQ 


neieases oooi ous. 




f^i CAD triers 


r*i Dcr 
ULnr 


oiears riru 




oL/ol HLob 1 


CDOT 

orio 1 


rieseis oUol ous. 


iniiiaior 


QCT ATM 


CCTAT 
OC lAI 


Ssts ATN signal. 




Htot 1 AUIV 


no 1 AlS. 


RGSots ACK signal. 




OCLCUl 


OCL 


Ssldcts a target. 




TRANSFER 


TFR 


Sends/receives data (In initiator mode). 




AUTO INITIATOR 


AIN 


Automatically executes initiator standard operation. 


Target 


RESELECT 


RSEL 


Reselects initiator 




RECEIVE 


REG 


Receives data (in target mode). 




SEND 


SND 


Sends data (in target mode). 




AUTO TARGET 


ATG 


Automatically executes target standard operation. 




RE-RECEIVE 


RREC 


Reselects -* Continuous execution of data-receive operation On target mode) 




RE-SEND 


RSND 


Reselects -> Continuous execution of data-send operation (in target mode) 



Tabic 4. Command Codes 



Command Name Command Code Status Type 



CHIP RESET 


























D, l,T 


A 


BREAK 























1 


D, l,T 


A 


DISCONNECT 




















1 





D, l,T 


A 


CLEAR FIFO 

















1 





1 


D, l,T 


A 


SCSI RESET 














1 











D, l,T 


B 


SET ATN 




















1 


1 


1 


A 


RESET ACK 

















1 








1 


A 


SELECT 











1 


AT 











D 


B 


TRANSFER 


CI 


CO 





1 








1 





1 


B 


AUTO INITIATOR 


CI 


CO 





1 


AT 


1 








D 


C 


RESELECT 








1 

















D 


B 


RECEIVE 


CI 


CO 


1 





1 


MG 


CD 





T 


B 


SEND 


C1 


CO 


1 





1 


MG 


CD 


1 


T 


B 


AUTO TARGET 








1 


1 














D 





RE-RECEIVE 


01 


CO 


1 


1 


1 











D 


C 


RE-SEND 


01 


CO 


1 


1 


1 








1 


D 


C 



Tabie 5. Loading tiw Current Transfer Counter 

CI CO Load Operation Counting Range 

CTCH/M/L - BTCH/M/L Oto 16,776,960 bytes In 

1 -byte units 

1 CTCH/M BTCH/M to 16,776,960 bytes In 

CTCL «^00H 256-byte units 



Tabie g- Loading tiw Current Transfer Counter 



CI 


CO 


Load operation 


Counting Range 


1 





CTCH/M OOOOH 


to 256 bytes In l-byte 






CTCL *- BTCL 


units 


1 


1 


CTCH/M/L - 000001 H 


Single-byte only 



;iPD72111 PROCESSING 

Processing by the iLiPD72111 is in either of two catego- 
ries: 

• Command processing initiated by a command from 
the CPU 

• Response processing executed by the SCSI bus sta- 
tus transition 

Command Processing 

Command processing operations differ depending on 
the command executed. 

Type A Command. Except for CHIP RESET, the com- 
mand is immediately executed. Then, a new command Is 
awaited. 

CHIP RESET Command. The ;aPD72111 is immedi- 
ately reset, after which an interrupt request Is generated. 

Type B and C Commands. The Issued command is 
synchronized with the system clock and executed. After 
the command is executed, an interrupt is generated. 
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Response Processing Figure 45. interrupt Processing Flow 

When selected or reselected by another device, response 
processing for the device Is executed. If the bus status 
changes during Information transfer, the bus phase after 
the transition Is detected and reported. The /xPD72111 
generates an Interrupt upon completing the response 
processing. 

HOST CPU PROCESSING 

Processing by the host CPU for the iLiPD721 1 1 is In either 
of two categories. 

• Command Issuance processing by request from the 
CPU side. See figure 44. 

• Interrupt processing generated when the operation 
specified by the command is completed, or the SCSI 
bus status changes. See figure 45. 



Figure 44, Command issuance Processing Flow 



Initiation of command 
issuance processing. 




Mask interrupt request 
and write data to be set 
to register in advance. 




Write command to 
CMD register. 



^Enable interrupt request.^ 



To next processing. 
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LCD Controllers 



MPD7225 

CMOS, intelligent Alphanumeric LCD 
Controller/Driver 


7-3 


MPD7227 


7-13 


CMOS, intelligent Dot-Matrix LCD 




Controiler/Driver 




MPD7228/28A 

CMOS, intelligent Dot-Matrix LCD 
Controller/Driver 
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NEC Electronics Inc. 



AfPD7225 

CMOS, Intelligent, Alphanumeric 
LCD Controller/ Driver 



Description 

The |L(PD7225 is an intelligent peripheral device de- 
signed to interface most microprocessors with a wide 
variety of alphanumeric LCDs. It can directly drive any 
static or mu Itiplexed LCD containing up to 4 backplanes 
and up to 32 segments and is easily cascaded for larger 
LCD applications. The ^iPD7225 communicates with a 
host microprocessor through an 8-bit serial interface. It 
includes a 7-segment numeric and a 14-segment alpha- 
numeric segment decoder to reduce system software 
requirements. The ^xPD7225 is manufactured with a low 
power consumption CMOS process allowing use of a 
single power supply between 2.7 V and 5.5 V. It is availa- 
ble in a space-saving 52-pin plastic flat package. 

Features 



Single chip LCD controller with direct LCD drive 
Low cost serial interface to most microprocessors 
Compatible with 

— 7-segment numeric LCD configurations 
up to 16 digits 

— 14-segment alphanumeric LCD configurations 
up to 8 characters 

Selectable LCD drive configuration: 

— Static, biplexed, triplexed, orquadruplexed 
32-segment drivers 

Cascadable for larger LCD applications 
Selectable LCD bias voltage configuration: 

— Static, 1/2 ori/3 

Hardware logic blocks reduce system software 
requirements 

— 8-bit serial interface 

— Two 32 X 4-bit static RAMs for display data and 
blinking datastorage 

— Programmable segment decoding capability: 

- 16-character, 7-segment numeric decoder 

- 64-character, 14-segment USASCII 
alphanumeric decoder 

— Programmable segment blinking capability 

— Automatic synchronization of segment drivers 
with sequentially multiplexed backplane 
drivers 

Single power supply, variable from 2.7 V to 5.5 V 
Low power consumption CMOS technology 
Extended - 40°C to 4-85 °C temperature range 
available 



Ordering Information 







Max Frequency 


Part Number 


Package Type 


of Operation 


iuPD7225G-00 


52-pin plastic miniflat 


1 MHz 



Pin Configuration 



s2oni: 

S21 OE 

S22CQ: 

S23[ir 

s24rTr 
S25IIQ: 
S26nr 

527 dn 

528 or 

529 cm 

530 QE 

531 nr. 

CL1 QE 



37 36 35 34 33 32 31 30 29 28 27 



O 



23 



20 



O 



1 2 3 4 5 



7 8 9 10 11 12 13 



26 ZD S7 
25 zn Se 

24 m Ss 

m S4 
22 m Ss 
21 ZD S2 

□n si 
19 ni3 So 

18 ZED COM3 
17 -JU COM2 
16 ZED COMi 
15 ZD COMo 
14 ZD NC 



1¥¥¥¥i¥I¥¥¥¥r 

<N |0 X " w Q rs |<fl i>- |Q 11- 
o te i § § > o b 



Pin identification 



No. 


Symbol 


Function 


1 


CL2 


System clock output 


2 


SYNC 


Synchronization port 


3-5 


VlCDI" 

Vlcds 


LCD bias voltage supply inputs 


6 


Vss 


Ground 


7,33 


Vdd 


Power 


8 


SCK 


Serial clock input 


9 


SI 


Serial input 


10 


CS 


Chip select 


11 


BUSY 


Busy output 


12 


C/D 


Command or data select input 


13 


RESff 


Reset input 


14 


NC 


No connection 


15-18 


COM0-COM3 


LCD backplane driver outputs 


19-32, 34-51 


S0-S31 


LCD segment driver outputs 


52 


CL1 


System clock input 
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Pin Functions 

COM0-COM3 

LCD backplane driver outputs. 
S0-S31 

LCD segment driver outputs. 
Vlcd1-VlcD3 

LCD bias voltage supply inputs to the LCD voltage con- 
troller. Apply appropriate voltages from a voltage ladder 
connected across Vdd- 

SI 

Serial input from the microprocessor. 
SCK 

Serial clock input. Synchronizes 8-bit serial data trans- 
fer from the microprocessor to the juPD7225. 

BUSY 

Handshake output indicates the iaPD7225 is ready to re- 
ceive the next data byte. 

C/D 

Command/data select input. Distinguishes serially in- 
put data byte as a command or as display data. 



CS 

Chip select input. Enables the jl(PD7225 for data input 
from the microprocessor. When CS is deselected, the 
display can be updated. 

SYNC 

Synch ronization port. For multichip operation, tie all 
SYNC lines together. 

CL1 

System clock input. Connect CL1 either to CL2 with a 
180 kQ resistor, or to an external clock source. 

CL2 

System clock output. Connect CL2 to CL1 with a 180 kQ 
resistor, or leave open. 

RESET 

Reset input. R/C circuit or pulse initializes the juPD7225 
after power-up. 

Vdd 

Power supply positive. Apply single voltage ranging 
from 2.7 to 5.5 V for proper operation. 

vss 

Ground. 
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Block Diagram 



vdd 
vlcdi 

VLCD2 
VLCD3 

vss 

CL1 
CL2 



COM0-COM3 



S0-S31 




Backplane Drivers 



LCD 
Timing 
Controller 



Interface 
Controller 



TT 




Segment Drivers 



11) 



Display Latch 





LCD 
Voltage 
Controller 












Clock 
Oscillator 







Segment 
Decoder 



32 X 4 Bit 
Display RAM 



77^ 



c 



Data 
Pointer 







32 X 4 Bit 
Blinking RAM 



Serial Interface 



TT 



Command 
Decoder 



CS C/D BUSY 
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Absolute Maximum Ratings 




Ta = 25°C 




Powersupply voltage, Vdd 


-O.SVto +7V 


Input voltage, V| 


-0.3 V to Vdd +0.3 V 


Output voltage, Vq 


-0.3 V to Vdd +0.3 V 


Operating temperature, Tqpt 


-10°Cto +70°C 


Storage temperature, Tstg 


-65°Cto +150°C 



Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



DC Characteristics 

Ta= -10°Cto -<-70°C, Vdd= +5V±10% 









Limits 




Test 


Parameter 


Symbol 


Min 


lyp Max 


Unit 


Conditions 


Input voltage 
low 


V|L 





0.3VDD 


V 




Input voltage 
high 


V|H 


0.7 Vdd 


Vdd 


V 




Output voltage 


V0L1 




0.5 


V 


BUSYiloL = 100/.(A 


low 


V0L2 




1.0 


V 


IOL = 900)nA, 
SYNU 


Output voltage 
high 


VOH 


Vdd 

-0.5 




V 


BUSY, SYNC, 
IOH=-10iuA 


Input leakage 
current low 


Ilil 




-2 


mA 


V|L = OV 


Input leakage 
current high 


'lih 




2 




Vih=Vdd 


Output leakage 


'lol 




-2 




VoL = OV 


current 


Iloh 




2 


mA 


Voh=Vdd 


Output short 
circuit current 


'os 




-300 


mA 


SYNC, Vos = 1.0V 


Backplane 
driver output 
impedance 


Room 




5 7 


kQ 


COM0-COM3, 

Vdd^Vlcd 

(Note1) 


Segment 
driver output 
impedance 


RSEG 




7 14 


kQ 


S0-S31. 

Vdd^Vlcd 
(Note 1) 


Supply current 


'dd 




100 250 


mA 


CL1 external clock, 
f^=200kHz 



Note: 

(1) Applies to static-, 1/2-, and 1/3-LCD bias voltage schemes. 



DC Characteristics (cent) 

Ta = -0°Cto -f70°C, Vdd= +2.7Vto5.5V 









Limits 






Test 


Parameter 


Symbol 


Min 


TVp 


Max 


Unit 


Conditions 


Input voltage 


V|L1 







0.3VDD 


V 


Except SCK 


low 


V|L2 







0.2Vdd 


V 


SCK 


Input voltage 


V|H1 


0.7VDD 




Vdd 


V 


Except SCK 


high 


V|H2 


0.8Vdd 




Vdd 


V 


SCK 


Output voltage 


V0LI 






0.5 


V 


BUSY, loL = 100juA 


low 


V0L2 






0.5 


V 


l0L=400p<A, 
SYNC 


Output voltage 
high 


Vqh 


Vdd 
-0.75 






V 


BUSY, SYNC, 

Ioh=-^mA 


Input leakage 
current low 


Ilil 






-2 




V|L=OV 


Input leakage 
current high 


'lih 






2 


/.A 


V|H = Vdd 


Output leakage 


Ilol 






-2 


mA 


VoL = OV 


current 


'loh 






2 


mA 


Vqh = Vdd 


Hi itni it chnrt 

UUljJUl Ol lUI L 

Circuit current 


'os 






-200 






Backplane 
driver output 
impedance 


RCOM 




6 




kQ 


COM0-COM3, 

VdD^Vlcd 

(Note 1) 


Segment 
driver output 
impedance 


RSEG 




12 




kQ 


S0-S31, 
Vdd^Vlcd 
(Note 1) 


Supply current 


Idd 




30 


100 


ptA 


CL1 external clock, 
Vdd=3.0V±10%, 
f<{, = 140kHz 



Note: 

(1) Applies to static-, 1/2-, and 1/3-LGD bias voltage schemes. 



Capacitance 

Ta = 25°C, f<j, = 1MHz 







Limits 






Test 


Parameter 


Symbol Min 




Max 


Unit 


Conditions(l) 


Input 

capacitance 


C| 




10 


PF 




Output 


C01 




20 


PF 


Except BUSY 


capacitance 






15 


pF 


BUSY 


I/O 

capacitance 


C|0 




15 


pF 


SYNC 


Clock 

capacitance 


C4 




30 


pF 


CL1 input 



Note: 

(1) All unmeasured pins returned to OV. 
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AC Characteristics 

Ta= -10°Cto +70°C, Vdd= +5V±10% 









Limits 






Test 


Parameter 


Symbol 


Min 


iVp 


Max 


Unit 


Conditions 


Clock frequency f<}, 


50 




200 


kHz 






^OSC 


85 


130 


175 


kHz 


R=180 kQ+5% 


Clock pulse 
width low 




2 




16 


MS 


CL1, external clock 


Clock pulse 
width high 


HWH 


2 




16 


MS 


CL1, external clock 


SCK cycle 


tCYK 


900 






ns 




SCK pulse width tKWL 
low 


400 






ns 




SCK pulse width tKWH 
high 


400 






ns 




lOSYttoSCKl tBHK 
hold time 









ns 




SI setup time to 
SCKt 


t|SK 


100 






ns 




SI hold time 
after SCKt 


t|HK 


200 






ns 




8th SCK t to 
BUSY 1 delay 
time 


tKDB 






3 


^s 


Cl=50pF 


CS HoBUSY i 
delay time 


tCDB 






1.5 


MS 


Cl=50pF 


C / D setup time tosK 
to 8th SCKt 


9 






MS 




C/Dhold time 
after 8th SCK t 


tOHK 


1 






MS 




CS hold time 
after 8th SCKt 


tCHK 


1 






MS 




CS pulse width 
low 


tCWL 


8/f<j, 






MS 




CS pulse width 
high 


tcWH 


8/f<|> 






MS 











Limits 






Test 


Parameter 


Symboi 


Min 




Max 


Unit 


Conditions 


Clock frequency f,j, 


50 




140 


kHz 






fosc 


50 


100 


140 


kHz 


R = 180kQ+5%, 
VoD = 3.0V±10% 


Clock pulse 
width low 


HWL 


3 




16 


MS 


CL1, external clock 


Clock pulse 
width high 


t<t>WH 


3 




16 


MS 


CL1, external clock 


SCK cycle 


^CYK 


4 






MS 




SCK pulse width Ikwl 
low 


1.8 






MS 




SCK pulse width Ikwh 
high 


1.8 






MS 




BUSY t to SCK i tBHK 
hold time 









ns 




SI setup time to 
SCKt 


t|SK 


1 






MS 




SI hold time 
after SCK t 


t|HK 


1 






MS 




8th SCK t to 
BUSY 1 delay 
time 


^KDB 






5 


MS 


Cl=50pF 


CSUoBUSYi 
delay time 


^CDB 






5 


MS 


Cl=50pF 


C/D setup time tosK 
to 8th SCK t 


18 






MS 




C/D hold time 
after 8th SCK t 


tOHK 


1 






MS 




CS hold time 
after 8th SCKt 


tCHK 


1 






MS 




CS pulse width 
low 


^CWL 


8/f<j, 






MS 




CS pulse width 
high 


^CWH 


8/f,}, 






MS 





SYNC load Cl 50 pF f<}, = 200kHz 

capacitance 



AC Timing Characteristics 



All Inputs M y \ Vih 

V T — — "^^vL 



All Outputs - 



VOH 

Vol 
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Instruction Set (Note 1) 







Hex 








Operation Code 








Command 


Description 


Code 












D2 




Do 


Mode Set 


Initialize the /<iPD7225, including selection of: 

1) LCD drive configuration 

2) LCD bias voltage configuration 

3) LCD frame frequency 


40-5F 





1 





d4 


ds 


d2 


di 


do 


Unsynchronous Data Transfer 


Synchronize display RAM data transfer to display latch with CS 


30 










1 














Synchronous Data Transfer 


Synchronize display RAM data transfer to display latch with LCD 
drive cycle 


31 








1 


1 











1 


Interrupt Data Transfer 


Interrupt display RAM data transfer to display latch 


38 










1 


1 











Load Data Pointer 


Load data pointer with 5 bits of immediate data 


EO-FF 


1 


1 




d4 


d3 


d2 


di 


do 


Clear Display RAM 


Clear the display RAM and reset the data pointer 


20 








1 

















Write Display RAM 


Write 4 bits of immediate data to the display RAM location 
addressed by the data pointer; increment data pointer 


DO-DF 


1 


1 





1 


da 


d2 


di 


do 


AND Display RAM 


Perform a logical AND between the display RAM data addressed by 
the data pointer and 4 bits of immediate data; write result to same 
display RAM location. Increment data pointer 


90-9F 


1 








1 


d3 


d2 


di 


do 


OR Display RAM 


Perform a logical OR between the display RAM data addressed by 
the data pointer and 4 bits of immediate data; write result to same 
display RAM location; increment data pointer 


BO-BF 


1 





1 


-| 


"3 


d2 


di 


do 


Enable Segment Decoder 


Start use of the segment decoder 


15 











-| 


n 

U 


1 





1 


Disable Segment Decoder 


Stop use of the segment decoder 


14 











1 





1 








Enable Display 


Turn on the LCD 


11 











1 











1 


Disable Display 


Turn off the LCD 


10 











1 














Clear Blinking RAM 


Clear the blinking RAM and reset the data pointer 


00 











u 


n 
u 











Write Blmking RAM 


Write 4 bits of immediate data to the blinking RAM location 
addressed by the data pointer; increment data pointer 


CO-CF 


1 


1 








"3 


d2 


di 


do 


AND Blinking RAM 


Perform a logical AND between blinking RAM data addressed by 
the data pointer and 4 bits of immediate data; write result to same 
blinking location; increment data pointer 


80-8F 


1 











d3 


d2 


di 


do 


OR Blinking RAM 


Perform a logical OR between blinking RAM data addressed by the 
data pointer and 4 bits of immediate data; write result to same 
blinking location; increment data pointer 


AO-AF 


1 





1 





d3 


d2 


di 


do 


Enable Blinking 


Start segment blinking at the frequency specified by 1 bit of 
immediate data 


1A-1B 











1 


1 





1 


do 


Disable Blinking 


Stop segment blinking 


18 











1 


1 












Note: 

(1) Details of operation and application examples can be found in the fiPD7225 Intelligent Alphanumeric LCD Controller/Driver Technical Manual. 
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Ta = 25°C 
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7-Segment Numeric Data Decoder Character Set 

Decoded Display RAM Data 



lyiplexed Quadruplexed 



Display 
Byte 
(HEX) 


Character 


n+2 


Display RAM Address 
n+1 


n 


Display RAM Address 
n+1 n 


00 


a 


3 


5 


3 


D 7 


01 


a 








3 


6 


02 


Q 

Oo 


2 


7 


1 


E 3 


03 


Q 

a 





7 


3 


A 7 


04 


u 

Oo 


1 


2 


3 


3 6 


05 


o 
a 


1 


7 


2 


B 5 


06 


Q 

Oo 


3 


7 


2 


F 5 


07 


a 





1 


3 


7 


08 


Q 

Oo 


3 


7 


3 


F 7 


09 


o 

Oo 


1 


7 


3 


B 7 


OA 


Q 

Oo 


3 


2 





2 


OB 


a 


3 


7 





F 1 


OC 


a 


3 


5 





D 1 


OD 


o 

Oo 





6 





A 


OE 


Oo 


2 


6 


2 


E 4 


OF 


Oo 
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14-Segment Alphanumeric Data Decoder Character Set 



Display Display RAM Display Display RAM Display Display RAM Display Display RAM 

Byte Address Byte Address Byte Address Byte Address 

(HEX) Char, n+3 n+2 n+1 n (HEX) Char, n+3 n+2 n+1 n (HEX) Char, n+3 n+2 n+1 n (HEX) Char, n+3 n+2 n+1 n 




AF 4 2 BF Invalid CF 54;^! 7 E DF Invalid 
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//PD7227 

CMOS, Intelligent, Dot-Matrix 
LCD Controller/ Driver 



Description 

The f^PD7227 intelligent dot-matrix LCD controller/ 
driver is a peripheral device designed to interface 
most microprocessors with a wide variety of dot 
matrix LCDs. It can directly drive any multiplexed LCD 
organized as 8 rows by 40 columns, and is easily cas- 
caded up to 16 rows and 280 columns. The /<(PD7227 
is equipped with several hardware logic blocks, such 
as an 8-bit serial interface, ASCII character generator, 
40 x 16 static RAM with full read/write capability, and 
an LCD timing controller; all of which reduce micro- 
processor system software requirements. The 
]LtPD7227 is manufactured with a single 5 V CMOS pro- 
cess, and is available in a space-saving 64-pin plastic 
flat package. 

Features 

□ Single-chip LCD controller with direct LCD drive 

□ Compatible with most microprocessors 

□ Eight row drives 

— Designed for dot-matrix LCD configurations up 
to 280 dots 

— Designed for 5 x 7 dot-matrix character LCD con- 
figuration up to 8 characters 

— Cascadable to 16 row drives 

□ 40 column drives 

— Cascadable to 280 column drives 

□ Hardware logic blocks reduce system software 
requirements 

— 8-bit serial interface for communication 

— ASCII 5x7 dot-matrix character generator with 
64-character vocabulary 

— 40 x 16-bit static RAM for data storage, retrieval, 
and complete back-up memory capability. 

— Voltage controller generates LCD bias voltages 

— Timing controller synchronizes column drives 
with sequentially-multiplexed row drives 

□ Single -i-5 V power supply 

□ CMOS technology 



Ordering Information 



Part Number 



Package Type 



Max Frequency 
of Operation 



AfPD7227G-12 



64-pin plastic miniflat 



1000 kHz 



Pin Configuration 



• ooo>oooooo 

nnnnnnnnnnnnn 



NC C 1 

Ci7(I 2 

CieC 3 

C19C 4 

C20 C 5 

C21 C 6 

C22C 7 

C23 C 8 

C24 C 9 

C25 C 10 

C26 C 11 

C27 C 12 

C28 C 13 

C29 C 14 

C30 C 15 

C31 C 16 

C32 C 17 

C33 C 18 

C34 C 19 



64 63 62 61 60 59 58 57 56 55 54 53 52 



o 



HPD7227 



20 21 22 23 24 25 26 27 28 29 30 31 32 

uuuuuuuuuuuuu 







51 


□ C4 


50 


□ C3 


49 


□ C2 


48 


□ Ci 


47 


□ Co 


46 


□ R7/R15 


45 


□ R6/R14 


44 


□ R5/R13 


43 


□ R4/R12 


42 


□ R3/R11 


41 


□ R2/R10 


40 


□ R1/R9 


39 


□ R0/R8 


38 


□ Vlcdi 


37 


□ VlCD2 


36 


□ VlcD3 


35 


□ VLCD4 


34 


□ SYNC 


33 


□ CS 


/ 





Pin Identification 


No. 


Symbol 


Function 


1 


NC 


No connection 


2-24. 

47-57, 

59-64 


C0-C39 


LCD column driver outputs 


25 


Vss 


Ground 


26, 58 


Vdd 


Power 


27 


CLOCK 


System clock input 


28 


RESET 


Reset input 


29 


SI 


Serial input 


30 


C/D 


Command or data select input 


31 


SO/BUSY 


Serial output or busy output 


32 


SCK 


Serial clock input 


33 


CS 


Chip select input 


34 


SYNC 


Synchronization port 


35-38 


Vlcdi -Vlcd4 


LCD bias voltage supply inputs 


39-46 


R0/R8-R7/R15 


LCD row driver outputs 



NECEL-000495 
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Pin Functions 

Co-C39 

LCD column driver outputs. 
R0/8-R7/15 

LCD row driver outputs. 
VlCD1-VlCD4 

LCD bias voltage supply inputs to the LCD voltage 
controller. Apply appropriate voltages from a voltage 
ladder connected across VDD. 



C/D 

Command/data select input. Distinguishes serially in- 
put data byte as a command or as display data. 

CS 

Chip select input. Enables the ^PD7227 for com- 
munication with the microprocessor. 

SYNC 

Synchronization port. For multichip operation, tie all 
SYNC lines together and configure with the MODE 
SET command. 



SI 

Serial input from the microprocessor. 



SO/BUSY 

Serial output from the p(PD7227 to the micro proce ssor 
when in read mode and C/D is low. When BUSY (ac- 
tive low), handshake output indicates the jL(PD7227 is 
ready to receive/send the next data byte. 

SCK 

Serial clock Input. Synchronizes 8-bit serial data 
transfer between the microprocessor and /iPD7227. 



Blocic Diagram 



CLOCK 

System clock input. Connect to external clock source. 
RESET 

Reset input. RC circuit or pulse Initializes the yPD7227 
after power-up. 

Vdd 

Power supply positive. Apply single voltage 5 V± 10% 
for proper operation. 

Vss 

Ground. 



Ro-R? 
OR 
Ra-Ris 



1^ . 



Column Driver 



Timing 
Controlier 



k 40 X 16 . 

— \ Static RAIM A 

16 ) (Organized as Two C ' 

— Y 40 X 8 Bit Banlts) V 



Vdd- 
Vlcdi - 

VlCD2 - 
VlCD3 - 
VlCD4 - 



Voitage 
Controiier 



Command 
Decoder 



ASCii 
5 X 7 Dot Matrix 
Cliaracter 
Generator 



Clocic 




Interface 




Serial 


Oscillator 




Controller 




Interface 



rr TTT 



SO/BUSY SCK SI 
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Absolute Maximum Ratings 



Ta = 25°C 


Power supply, Mqq 


-0.3 V to +7.0 V 


All Inputs and outputs with respect to Vcc 


-0.3 V to Vdd +0.3 V 


Storage temperature, Tstg 


-65% to +150*'C 


Operating temperature, Tqpt 


-10°C to +70*'C 



Coinment: Exposing the device to stresses above those listed in 
Absolute Maximunn Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



Capacitance 

Ta = 25°c, Vdd = ov 







Limits 




Test 


Parameter 


Symbol Mi 


n Nlax 


Unit 


Conditions 


Input capacitance 


C| 


10 


pF 


f«|) = 1 MHz 


Output capacitance 


Co 


25 


pF 


Unmeasured pins 


Input/output 
capacitance 


C|0 


15 


pF 
SYNC 


returned to 
ground. 



DC Characteristics 

Ta = -10°C to +70°C, Vdd = +5.0V ± 10% 







Limits 




Test 


Parameter 


Symbol 


IMin 


TVP 


Max 


Unit Conditions 


Input voltage, high 


V|H 


0.7 Vdd 




Vdd 


V 


Input voltage, low 


V|L 







0.3 Vdd V 


Input leakage 
current, high 


•lih 






+ 10 


aAVm = Vnn 


Input leakage 
current, low 


lUL 






-10 


mAVih = ov 


Output voltage, high 


Vqhi 


Vdd-0.5 






V so/ BUSY, 
lOH = -400 /iA 




V0H2 


Vdd-0.5 






V SYNC, 
Iqh = -100 |iA 


Output voltage, low 


Vqli 






0.45 


V SO/BUSY, 
Iql = +1.7 mA 










0.45 


V SYNC, 
l0L=+100^tA 


Output leakage 
current, high 


^LOH 






+ 10 


mAVqh = Vdd 


Output leakage 
current, low 


|[_Q|_ 






-10 


hAVql = ov 


LCD operating voltage 


Vlcd 


3.0 




Vdd 


V 8-row 
multiplexed 
LCD drive 
configuration 








Vdd 




V 16-row 
multiplexed 
LCD drive 
configuration 


Row drive 
output impedance 


Rrow 




4 


8 


k(2 


Column drive 
output impedance 


RCOLUMN 


10 


15 


ki2 


Supply current 


Idd 




200 


400 


IxMO = 400 KHz 
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AC Characteristics 

Ta = -10°Cto +70°C, Vdd = +5.0V ± 10% 



Psrsinctor 


Symbol 


nun 


Mav 

max 


unii 


Conditions 


Clock frequency 


f<t. 


100 


1000 


KHz 




Clock pulse 
width high 


t<j,WH 


40a 




ns 




Clock pulse 
width low 


t<t.WL 


400 




ns 




SCK cycle 


tCYK 


0.9 




MS 




SCK pulse 
width high 


^KWH 


400 




ns 




SCK pulse 
width low 


tKWL 


400 




ns 




SCK hold time 
after BUSYt 


^KHB 







ns 




SI setup time 
to SCKt 


^ISK 


100 




ns 




SI hold time 
after SCKt 


t|HK 


250 




ns 




SO delay time 
after SCK4 


tODK 




320 


ns 


Cload = 

50 pF 


SO delay time 
after C/D^ 


tODD 




2 


MS 




SCK hold time 
after C/DI 


tKHD 


2 




MS 




BUSY delay 
time after 8th 
SCKt 


^BDK 




3 


MS 


Cload = 

50 pF 


BUSY delay 
time after C/Dt 


tBDD 




2 


MS 




BUSY delay 
time after CSi 


^BDC 




2 


ms 




C/D setup time 
to 8th SCKt 


^DSK 


2 




ms 




C/D hold time 
after 8th SCKt 


^DHK 


2 




uS 




CS hold time 
after 8th SCKt 


tCHK 


2 




MS 




CS pulse width 
high 


tcWH 


2/f<}> 




MS 




est delay time 
to BUSY floating 


tCDB 


2 




MS 


Cload = 

50 pF 


SYNC load 
capacitance 


Cloads 




100 


pF 




BUSY low 
level width 


tWLB 


18 


64 


1/f<|> 


Cload = 

50 pF 
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Timing Waveforms 

Clock Waveform 




Serial Interface 



tODD 



SO /BUSY 
(as BUSY) 



tBDc 



X 



«-tKHD-* 



tKHB 



-tODK 



-tCYK- 



tKWL 



»KWh 



1 



tDHK 



)c::::::::::::»:::::::::::::x 



^Ll!b^ \indy/] 







tBDD 



-tCWH-* 



k::x: 



•BDk 



-< 



y&Q I ii'sj&C-Z 



7-17 



MPD7227 



SEC 



Command Summary 

Instruction Code 



Binary 



Command 


Description 


D7 


Db 






03 


02 




Do 


HEX 


Mode Set 


Initialize the ptPD7227, 
including selection of 

1 . LCD drive configuration 

2. Row driver port function 

3. RAM bank 

4. SYNC port function 











1 


1 


D2 


Dl 


Do 


18-1F 


Frame 

Frequency 

Set 


Set LCD frame frequency 











1 





D2 


Di 


Do 


10-14 


Load Data 
Pointer 


Load data pointer with 7 bits 
of immediate data 


1 


D6 


D5 


D4 


D3 


D2 


Di 


Do 


80-E7 


Write Mode 


Write display byte in serial 
register to RAM location ad- 
dressed by data pointer; 
modify data pointer 





1 


1 








1 


Dl 


Do 


64-67 


Read Mode 


Load RAM contents address- 
ed by data pointer into serial 
register for output; modify 
data pointer 





1 


1 











Di 


Do 


60-63 


AND Mode 


Perform a logical AND be- 
tween the display byte in the 
serial register and the RAM 
contents addressed by data 
pointer; write result to same 
RAM location; modify data 
pointer 





1 


1 





1 


1 




Do 


6C-6F 


OR Mode 


Perform a logical OR be- 
tween the display byte in the 
serial register and the RAM 
contents addressed by data 
pointer; write result to same 
RAM location; modify data 
pointer 





1 


1 





1 





Di 


Do 


68-6B 


Ctiaracter Mode 


Decode display byte in serial 
register into 5x7 character 
with character generator; 
write character to RAM loca- 
tion addressed by data 
pointer; increment data 
pointer by 5 





1 


1 


1 








1 





72 


Set Bit 


Set single bit of RAM loca- 
tion addressed by data 
pointer; modify data pointer 





1 





D4 


D3 


D2 


D1 


Do 


40-5F 


Reset Bit 


Reset single bit of RAM loca- 
tion addressed by data 
pointer; modify data pointer 








1 


D4 


D3 


D2 


Di 


Do 


20-3F 


Enable Display 


Turn on the LCD 














1 








1 


09 


Disable Display 


Turn off the ICD 














1 











08 



Further details of operation can be found in the ^iPD7227 Intelligent dot-matrix LCD controller/driver technical manual. 
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5x7 Character Set as Generated in f4PD7227 



Display Byte Display Byte 
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NEC 

NEC Electronics Inc. 



MPD7228/28A 
CMOS, Intelligent Dot-Matrix 
LCD Controller/Driver 



Description 

The inPD72228/28A controller/driver is a peripheral 
CMOS device designed to interface most microproces- 
sors with a wide variety of dot-matrix LCDs. It can 
directly drive any multiplexed LCD organized as 8 rows 
by 50 columns or 16 rows by 42 columns. 

The /iPD7228/28A has a standby function to conserve 
power. It is equipped with an 8-bit serial interface, a 4-bit 
parallel interface, character generators, a 50 x 16 static 
RAM with full read/write capability, and an LCD timing 
controller, all of which reduce microprocessor system 
software requirements. 

The jDtPD7228/28A operates with a single +5-volt power 
supply and is available in a space-saving 80-pin plastic 
miniflat package. 

Features 

□ LCD direct drive 

□ 8-or 16-line multiplexing drive possible with single- 
chip 

— 8-line multiplexing: 400 (50 x 8) dots 

— 16-line multiplexing: 672 (42 x 16) dots 

□ 8-line or 16-line multiplexing drive with n chip 
configuration 

— 8-line multiplexing: n x 400 (n x 50 x 8) dots 

— 16-line multiplexing: n x 800 (n x 50 x 16) dots 

□ RAM: 2 X 50 X 8 bits for display data storage 

□ Programmer designated dot (graphics) display 

□ 5 X 7 dot-matrix display by on-chip character 
generator 

— ASCII (alphanumerics, others): 96 characters 

— JIS (Japan Industrial Standard), Katakana and 
others: 64 characters. 

□ Cursor operating command 

□ 8-bit serial interface compatible with /LtPD7500, 
/iCOM-87/87LC 

□ 4-bit parallel interface compatible with jbiPD7500, 
/4COM-84/84C 

□ Standby function 

□ CMOS technology 

□ Single +5-volt power supply 

□ Extended -40 to +85*C temperature range 
(mPD7228A) 



Ordering Information 



Part No. 


Package 


|tiPD7228G-12 


80-pin plastic miniflat 


|ttPD7228AG-12 (Note 1) 


80-pin plastic miniflat 



Notes: 

(1) jxPD7228A version has extended temperature range and LCD 
voltage range. 



Pin Configuration 



80'Pin Plastic Miniflat 



C38 C 1 

C39 C 2 

C40C: 3 

C41 C 4 

C42/R15 C 5 

C43/R14 □ 6 

C44/R13I: 7 

C45/R12 C 8 

C46'R11 C 9 

C47/R1O C 10 

C48/R9 C tl 

C49/R8C 12 

R15/R7 C 13 

R14/R6C 1* 

R13/R5 C 15 

R12/R4 C 16 

R11/R3 C 17 

R10/R2C 18 

R9'R1 C 19 

Re/Ro C 20 

vlcsC 21 

VlCi C 22 

NCC 23 

VLC4C 24 



OOUUUUUUO 

nnnnnnnnn 

80 79 78 77 76 75 74 73 72 



n n n n n n n 

71 70 69 68 67 66 65 



o 



57 



51 



25 26 27 28 29 

U U U U U 

S g K i» ffi 

> > 8 ^ ^ 



30 31 

TTTT 



□ C21 

□ C20 

□ Ci9 

□ C18 

□ Ci7 

□ Ci6 

□ CIS 

□ Ci4 

□ Ci3 

□ Ci2 

□ Cii 

□ Cio 

□ C9 

□ C8 
50 3 07 
49 DCe 
48 DCs 
47 104 
46 □ C3 
45 3 02 
44 ^Ci 
43 DCo 
42 iNC 

41 □CLOCK 



TTTT 

1^ § 



U U U U U U U 
I I § I ^ I 



50145 
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Pin Identification 



Symbol 


Function 


C0-C41 


LCD column drive outputs 




LCD column/row drive outputs 


Ris-Rs/RrRs 


LCD row drive outputs 


Vlci-Vlcs 


LCD power supply 


NC 


No connection 


Do/S, 


Data bus 0/Serial input 


Di(P/5) 


Data bus 1 (Parallel/serial select) 


D2(CAE) 


Data bus 2 (Chip address enable) 


D3/SO 


Data bus 3/Serial output 


SYNC 


Synchronization signal input/output 


IDS? 


Busy signal output 


Vdd 


Power supply 


Vss 


Ground 


Stb/5(DK 


Strobe/Serial clock input 


C/D 


Command/data select input 


CAo, CAi 


Chip address select inputs 




Chip select Input 


RESET 


Reset signal input 


CLOCK 


System clock input 



PIN FUNCTIONS 
D0-D3 (Data Bus) 

In parallel Interface mode, Do-Dsare input/output pins for 
4-blt parallel data. Data on these lines is read at the rising 
edge of STB. The 4 bits read on the first STB are loaded 
Into the highest 4 bits of the serial/parallel register. The 4 
bits read on the second STB are loaded into the lowest 4 
bits of the register. 

The contents of the serial/parallel register are output to 
these pins on the falling edge of STB . As in the a bove 
case, the high-order 4 bits correspond to t he first STB, 
and the low-order 4 bits to the second STB. 

In serial interface mode, Dq is a serial data input pin and 
D3 is a serial data output pin. selects serial or parallel 
Interface mode (P/S), and D2 is the chip address enable 
pin (CAE). 

SI Serial Data-in (Input Common to Do) 

In serial interface mode, SI inputs serial data. Data on SI 
is loaded int o the serial/parallel register at the rising 
edge of SCK. The first data loaded is the most significant 
bit. To eliminate noise errors, SI uses the Schmitt-trigger 
Input. 



SO Serial Data-Out (Output Common to D3) 

In serial interface mode, SO is an output pin for serial 
data. The contents of the serial/parallel register are 
output to the SO pin, begi nning with the most significant 
bit, on the falling edge of SCK. 

P/S Parallel/Serial Select (Input Common to Di) 

This pin sets parallel interface mode if It Is high at the 
falling edge of RESET (at reset release). If it Is low at the 
falling edge of RESET, it selects serial interface mode. 
The Schmitt-trigger prevents noise errors. 

CAE Chip Address Enable (Input Common to D2) 

This pin is used only during serial Interface mode; that is, 
when P/S Is low at the falling edge of RESET. To enable 
chip addressing, the CAE line must be high at the fal][ng 
edge of RESET In parallel interface mode (when P/S is 
high at the falling edge of RESET), the chip addressing 
function is enabled regardless of the logic state of CAE at 
the falling edge of RESET. The Schmitt-trigger input 
prevents noise errors. 

CA0-CA1 (Chip Address) 

These input pins allow you to address the ittPD7228/28A 
in a multichip configuration used for driving logic dis- 
plays. During parallel interface mode, CAq and CAi are 
compared to chip address data sent from the CPU 
regardless of CAE status during a reset. 

However, during serial interface mode, CAq and CAi are 
compared with chip address data from the CPU only 
when CAE enables chip addressing. 

In multichip configurations, the device is selected if CS 
= and CAo and CAi match the chip address generated 
by the CPU. This address is the low 2 bits of the first 8-bit 
data input after CS = 0. 

In serial interface mode, If chip address selection is not 
used, connect CAq and CAi to ground. 

CS (Chip Select) 

CS is an active-low chip select Input pin. When you are 
not u sing th^ chip address selection function, the STB/ 
SCK and C/D inputs are enabled If a low input is sent to 
CS. 

When you are using the chip address select function, if 
CS is brought low and t he chlp_address data matches 
CA0-CA1, then STB/SCK and C/D are enabled. 

When CS is made high, D0-D3 and BUSY are placed in a 
high-impedance state. The Schmitt-trigger input pre- 
vents noise errors. 
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STB/SCK (Strobe/Serial Clock) 

In p aralle l interface mode, this is the strobe signal input 
pin (STB) for 4-bit parallel input and output data, In serial 
interface mode, this is the serial clock input pin (SCK) for 
serial input and output data. 

C/D (Command/Data) 

This pin specifies whether the parallel or serial input is a 
command or data. Bring C/D high to input a command, 
and low to input data. 

In parallel interface mode, the content s of C/D are 
latched at the rising edge of the second STB. Perform 
any chan ges t o the C/D input before the falling edge of 
the first STB. When outputting data, hold C/D low, 
whether serial or parallel. 

In serial interface mode, the co ntents of C/D are latched 
at the rising edge of the eighth SCK. 

The Schmitt-t rigger input prevents noise errors. 



BUSY (Busy) 

This pin outputs a busy signal to the CPU to warn that 
the ^aPD7228/28A is internally busy. When this signal is 
low, the CPU cannot read/write the iLtPD7228/28A. 



In the parallel interface mo de, B USY is forced low at the 
rising edge of the second STB. in the serial interface 
mode, BUSY is forced low at the rising edge of the eighth 
SCK. 

If a chip is deselected (CS = high or chip address data 
does not match), the BUSY pin Is placed in the high- 
impedance state. 

SYNC (Synchronous) 

In a multichip configuration, the SYNC signal synchro- 
nizes the phases of the LCD drive ac signals (row/ 
column signal) among all the iuPD7228/28A!s within the 
frame period. It uses the row drive signal as a common 
signal. 

If one chip is designated master, its SYNC pin is in output 
mode and the remaining chips are made slaves. Their 
SYNC pins are put in input mode. The SMM command 
selects input or output mode. The master chip outputs a 
SYNC pulse in the last cycle of each frame. The slave 
chip reads the SYNC pulse from its own SYNC input for 
synchronization with the master chip. 

In a single-chip configuration, set the SYNC pin in the 
input or output mode. If you choose input mode, connect 
the SYNC pin to Vss; conversely, if you choose output 
mode, the SYNC pin must be open. 

Figures 1 and 2 show the output timing for the SYNC 
pulse in 8- and 16-line multiplexing. 



Figure 1. SYNC Signal in S-Uiw Miltiplexing 
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Figure 2, Sm:: Signal in 164jne lilkiliiplexing 




C0-C41 (Column) 

These pins output the column drive signals for the LCD. 

C42-C49/R15-R8 (Column/Row) 

These pins are column drive outputs (C42-C49, 50 x 8 
mode) or row drive outputs (R15-R8. 42 x 16 mode), 
according to the SMM command. 

Ris-Rs/Rt-Rq (Row) 

These pins are row drive outputs for rows R15-R8 or R7-R0, 
according to the SMM command. 

Vlci-Vlc5 (LCD Drive Vbltage Supply) 

These are reference voltage input pins for determining 
the voltage level of the LCD column/row drive signals. 

CLOCK (Clock) 

This is the external clock input pin. 



RESET (Reset) 

This is the active-high reset signal input pin. it has 
priority overall operations. You can also use it to release 
standby mode and begin low power data retention. 

Vdd (Power Supply) 

This is a positive power supply pin. 

Vss (Ground) 

This is ground (GND). 

COMMANDS FOR /iPD7228/28A 

The /iPD7228/28A has 16 types of commands, each 
command consisting of one byte (8 bits). 

Figure 3 shows the character codes and display pat- 
terns. 
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Figure 3. Character Codes and Display Patterns 




ASCII 



JIS 

Katakana 



(1) The character generator transfers 7-bit dot patterns five times to the five 
contiguous addresses of data memory. 

(2) ASCII Characters. 96 (20H-7FH) 

Uppercase 26 

Lowercase 26 

Numbers 10 

Symbols 34 

(3) JIS Characters. 64 (AOH-DFH) 

Katakana 55 
Symbols 9 

(4) Because the character generator does not use bit 7 of data memory, dot R7 
in 8 time-division mode and dots R7 and R15 in 16 time-division mode, 
corresponding to the most significant bits, can be used as cursor 
independent of the character generator. Use the cursor manipulation 
commands WRCURS and CLCURS. 



83O02913B 
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Block Diagram 



RS - 
R-NS - 



Vlcic 

VLC2C 
VLC3C 
VLC4C 
VLC5C 

VSSC 
Sync C 



R15-R8/R7-R0 



C42-C49/R15-R8 



Row /Column 
Driver 



C0-C41 



Column Driver 



zs 



-CS 
-C-NS 



LCD 
Voltage 
Control 



► R-S 

► R-NS 
►C-S 
"►C-NS 



LCD Timing 
Control 



Stop 

_L 



Clock 
Buffer 



System 
Clock 
Control 



Data Memory 

BankO 
(50 X 8 Bits) 



Data Memory 

Bank1 
(50x8 Bits) 



£1 



Data 
Pointer 



Character 




Generator 
(160 X 5 X 7 Bits) 







Serial /Parallel Interface 



1 1 I 1 i 1 1 

K § I t n i I 



<2 



Absolute Maximum Ratings 

Ta = 25''C 



Supply voltage, Vqd 


-0.3 V to +7 V 


Input voltage, V| 


-O.aVtoVoD +0.3 V 


Output voltage, Vq 


-0.3VtoVDD +0.3 V 


LCD operating voltage, Vlcd (7228A) 


4.5 to 12.5 V 


Operating temperature, Tqpt 


7228 


-10 to +70''C 


7228A 


-40 to +85°C 



Capacitance 

Ta = 25°G; Vdd = V; f = 1 MHz 



Parameter 



Symboi Min Typ Max Unit Conditbns 



Input capacitance 



10 



Output 
capacitance 



Co 



25 pF 



Return 

' unmeasured 
pins to V. 



I/O capacitance C|o 



15 
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DC Characteristics 

Ta = -10 to +70°CVdd = +5V±10% 
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Parameter 


Symbol Mir 


1 Typ 


Max 


Min 


Typ 


Max 


Unit 


Conditions 




Input voltage, high 


VlHI 


0.7 Vdd 


Vdd 


0.7 Vdd 




Vdd 


V 


Except SCK 






V|H2 


0.8 Vdd 


Vdd 


0.8 Vdd 




Vdd 


V 


SCK 






Input voltage, low 


V|L 







0.3 Vdd 







0.3 Vdd 


v 








Output voltage, high 


V0H1 


Vdd- 


0.5 




Vdd - 0.5 






V 


BUSY, D0-D3; loH = -400 fiA 




V0H2 


Vdd- 


0.5 




Vdd - 0.5 






v 


SYNC; loH - 


-100 ittA 


Output voltage, low 


V0L1 






0.45 






0.5 


V 


BUS?, D0-D3; loL= 1'7mA 




V0L2 






0.45 






0.5 


V 


SYNC; loL = 


lOO/iiA 


Input leakage current, high 


•lih 






10 






10 


jiiA 


V, = 


Vdd 




Input leakage current, low 


Ilil 






-10 






-10 


If A 


V| = 


OV 




Output leakage current, high 


•loh 






10 






10 


fiA 


Vo = 


= Vdd 




Output leakage current, low 


Ilol 






-10 






-10 


fxA 


V, = 


OV 




LCD operating voltage 


Vlcd 


3.0 




Vdd 


4.5 




12.5 


V 








Row output impedance 


Rrow 


4 


8 




8 


16 


kQ 








Row/column output impedance 


Rrow/col 


5 


10 




7.5 


20 


kQ 








Column output impedance 


RCOL 




10 


15 




15 


30 


kQ 








Supply current 


Iddi 




200 


400 




250 


600 


fiA 


Operating mode; fc = 400 kHz 




IdD2 






20 






25 


fiA 


Stop mode; CLK = V 


AC Characteristics 

Ta = -10 to +70°C; Vdd = +5 V ±10% 










jftPD7228 
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Parameter 




Symbol 


Min 


Typ 


Max 


Min 


Typ 


Max 


Unit 


Conditions 


Common (^oration 


Clock frequency 






100 




1100 


100 




1100 


kHz 




Clock pulse width, high 




%HC 


350 






350 








ns 




Clock pulse width, low 




twLC 


350 






350 








ns 




RESET pulse width, high 




^HRS 


4 






4 








jUS 




BD§Y delay time from C5 i 




^DCSB 






2 








3 


^18 


Cl = 50 pF 


US t delay time to bD^ floating 


*DCSBF 






4 








5 


(XS 


Cl = 50 pF 


C§ high-level time 




%HCS 


4 






4 








fiS 




SYNC load capacitance 




Clsy 






100 






100 


PF 




Data setup time to RESET i 




*SDR 


















flS 




Data hold time from RESET i 




*HRD 


4 






5 








US 




Serial Interface Operation 


^UK cycle 




^CYK 


0.9 






0.9 








fXS 




SCK pulse width, high 




twHK 


400 






400 








ns 




SCK pulse width, low 




tWLK 


400 






400 








ns 




SUK hold time from BD^ t 




^HBK 


















ns 




SI setup time to SCK t 




tsiK 


100 






120 








ns 




SI hold time from SCK t 




*HK1 


250 






270 








ns 
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AC Characteristics (cont) 

J^PDTiSi ^PD7228A 



Parameter 


Symbol 


Min 


Typ Max 


Min 


Typ Max 


Unit 


Conditions 


SO delay time from SUR i 






320 




350 


ns 


Cl = 50 pF 


BUSY delay time from eighth 


^DKB 




3 




4 


jas 




BUSY low-level time 


*WLB 


18 


64 


18 


64 


1/fc 




C/D setup time to first i 


tSDK 












US 




C/D hold time from eighth SCR t 


*HKD 


2 




3 




US 




C5 hold time from eighth SUR t 


^HKCS 


2 




5 




fxs 




Parallel Interface Operation 


Input command setup time to 
STBi 




100 




120 




ns 


Cl = 80 pF 


Input command hold time from 
STBi 




90 




110 




ns 


Cl = 20 pF 


Input data setup time to STB t 




230 




250 




ns 


Cl = 80 pF 


input data hold time from STB t 




50 




70 




ns 


Cl = 20 pF 


Output data delay time 


^ACC 


90 


650 


90 


750 


ns 


Cl - 80 pF 


Output data hold time 


tH 





150 





150 


ns 


Cl = 20 pF 


STB pulse width low 


tSL 


700 




700 




ns 




STB high-level time 


tSH 


1 




1 




jl4S 




STB hold time from Bus? T 


^HBS 












MS 




BUSY delay time from second 
STBT 


*DSB 




3 




4 


fiS 




C/D setup time to first STB I 


tSDS 












jllS 




C/D hold time from second STB t 


*HSD 


2 




3 




liS 




CS hold time from second STB T 


*HSCS 


2 




3 




jUS 
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Timing Waveforms 
AC Timing Test Points 



Reset Signal 



7Vdd-..^ Test ^^-*'0-7VdD 
aVDD""^ Po'"*S "^-^ 0.3 Vdd; 



Clock Wlaveform 


t 


♦-tWHC-* 


s 

83^2910A 



I-* tHRS *| 



interface 




Seriai interface 






I 








— tSDK 


■ — i 


< / 


L. 

tHBK— ► 


«« tcYt 


( ► 


— tWHK 







; — ♦twHCS* 



►I — tWLB 



r A )CEiD" 

■A tDKO 
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Parallel Interface 




Command Summary 



Mnemonic 


Operation 








Instruction Code 








Hex Code 


SFF 


Set frame frequency 











1 





F2 


Fi 


Fo 


10H-14H 


SMM 


Set multiplexing mode 











1 


1 


M2 


Ml 


Mo 


18H-1FH 


DISP OFF 


Display off 














1 











08H 


DISP ON 


Display on 














1 








1 


09H 


LDPI 


Load data pointer with immediate 


1 


De 


D5 


D4 


D3 


D2 


Di 


Do 


80H.B1H,C0H-F1H 


SRM 


Set read mode 


















ll 


lo 


60H-63H 


SWM 


Set write mode 















1 


ll 


io 


64H-67H 


SORM 


Set OR mode 












1 





h 


lo 


68H-6BH 


SANDM 


Set AND mode 











1 


1 


ll 


lo 


6CH-6FH 


SGML 


Set character mode with left entry 









1 











1 


71 H 


SCMR 


Set character mode with right entry 









1 








1 





72H 


BRESET 


Bit reset 









B2 


Bi 


Bo 


Jl 


Jo 


20H-3FH 


BSET 


Bit set 









B2 


Bi 


Bo 


Jl 


Jo 


40H.5FH 


CLCURS 


Clear cursor 









1 


1 


1 








7CH 


WRCURS 


Write cursor 









1 


1 


1 





1 


7DH 


STOP 


Set stop mode 























1 


01 H 



B2-B0 Specifies a data memory bit 
De-Do Immediate data 

F2-F0 Specifies frame frequency as a submultiple of clock 
frequency 

I1-I0 Specifies modification of data pointer contents after 

byte data is processed 
J-i-Jo Specifies modification of data pointer contents after 

bit is set or reset 

M2-M0 Specifies data memory bank, number of rows, functions 
of row/column drivers, and SYNC pin mode 
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i[iPD41 264/42273/42274 
Dual-Port Graphics Buffers 



Description 

NEC's dual-port graphics buffers are equipped with a 
4-bit random access port and a 4-bit serial read port. On 
each device, the random access port is used by the host 
CPU to read or write data addressed in any desired order 
The serial read port is connected to an internal data 
register through a serial read output circuit. 

The random access port also has a write-per-bit capa- 
bility that allows each of the four data bits to be individ- 
ually selected or masked for a write cycle. Furthermore, 
a flash write option with write-per-bit control on the 
/xPD42274 is provided by the FWE pin and enables data 
in the color register to be written to a selected row in the 
random access port. 

The devices feature fully asynchronous dual access, 
except when transferring stored graphics data from a 
selected row of the storage array to the data register 
During a data transfer, the random access port requires 
a special timing cycle using a transfer clock; the serial 
read port, however, continues to operate normally. Fol- 
lowing the clock transition of a data transfer, the serial 
read output data changes from an old line to a new line 
and the starting location on the new line is addressable in 
the data transfer cycle. 

Refreshing is accomplished by means of RAS-only re- 
fresh cycles or by normal read or write cycles. Automatic 
internal refre shing, b y me ans of either hidden refreshing 
or the CAS before RAS timing and on-chip internal 
refresh circuitry, is also available. The transfer of a row of 
data from the storage array to the data register also 
refreshes that row automatically. 

All Inputs and outputs, including clocks, are TTL- com- 
patible. All address and data-in signals are latched on- 
chip to simplify system design. Data-out is unlatched to 
allow greater system flexibility. 

Features 

□ Two data ports: random access and serial read 

□ Dual-port accessibility except during data transfer 

□ Addressable start of serial read operation 

□ Real-time data transfer 

□ Random access port 

— Two main clocks: RAS and CAS 

— Multiplexed address inputs 



— Direct connection of I/O and address lines 
allowed by OE to simplify system design 

— Read, early w rite, late write, read-write/read- 
modify-write, RAS-only refresh, and fast-page 
capabilities 

— Automatic i ntern al refreshing by means of the 
CAS before RAS on-chip addre ss co unter 
Hidden refreshing by means of CAS-controlled 
output 

— Write-per-bit capability regarding four I/O bits 

— W rite bit selection multiplexed on IO0-IO3 
° RAS-activated data transfer 

— Same cycle time as for random access 

— Row data transferred to data register as specified 
by row address inputs 

— Starting location of following serial read 
operation specified by column address inputs 

— Transfer of data on one row to the data register, 
and the starting location of the serial read circuit, 
activated by a low-to-high transition of DT 

— Data transfer during real-time or standby 
operation of serial port 

□ Rist serial read operation by means of serial control 
pins 

— Serial data output on SO0-SO3 

— Direct connection of multiple serial outputs for 
extension of data length 



Ordering information 



Part Number 


Row Access 
Time (max) 


Serial Access 
Time (max) 


Pacicage 


|ttPD41264C-12 


120 ns 


40 ns 


24-pin 


C-15 


150 ns 


60 ns 


plastic DIP 


jttPD41264V-12 


120 ns 


40 ns 


24-pln 


V-15 


150 ns 


60 ns 


plastic ZIP 


j*PD42273LE-10 


100 ns 


30 ns 


28-pin 
plastic SOJ 


LE-12 


120 ns 


40 ns 


jttPD42273V-10 


100 ns 


30 ns 


28-pin 


V-12 


120 ns 


40 ns 


plastic ZIP 


jttPD42274LE-10 


100 ns 


30 ns 


28-pln 
plastic SOJ 


LE-12 


120 ns 


40 ns 


JLIPD42274V.10 


100 ns 


30 ns 


28-pln 


V-12 


120 ns 


40 ns 


plastic ZIP 



Contact your NEC sales representative for copies of the complete data sheets. 
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Comparison of Dual-Port Graphics Buffers 



Features 


I14PD41264 


j[iPD42273 


juPD42274 


Density 


256K 


1 Meg 


1 Meg 


Organization 


64Kx4 


256Kx4 


256KX4 


Serial data register 


256 x4 


512x4 


512x4 


Refresli period 


4 ms 


8 ms 


8 ms 


Refresli addresses 


256 


512 


512 


Flasli write 


No 


No 


Yes 


Process 


NIVIOS 


CMOS 


CMOS 


Pins 


24 


28 


28 



Block Diagram 



Refresh 
Counter 







1 


Column Decoder 


N-1 


N 



Sense Amps 



Storage 
Cell Array 



Transfer 
Gates 





Address 
Counter 











Data 
Register 






1 


Selector 


N-1 


N 



Common 
I/O 
Buffer 



Wo/lOo 
W1/IO1 
• W2/IO2 
W3/IO3 



Color 
Register 



Serial 
Output 
Buffer 



- SOo 

- SO1 

- SO2 



-vcc 
-vss 
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^PD42101 /42102/42505 
CMOS Line Buffers 



Description 

NEC's dual-port line buffers are fabricated witli a silicon- 
gate CMOS process and can execute asynchronous read 
and write cycles at high speed. They also can be used as 
a time axis converter or a digital delay line of up to the 
length of the line buffer (at maximum frequency, the 
minimum delay line length is 10 bits). 

Applications include NTSC and PAL digital television 
systems, image processing in facsimile machines, plain 
paper copiers, video systems, and other optical scan- 
ners; time base correction in video playback systems; 
and data communication buffering in multiprocessor 
systems and local area networks. 

Features 

□ Dual-port operation 

□ Image processing and data communications 
systems applications 

□ Asynchronous and simultaneous read/write 
operation 



Ordering Information 



Device 


Read Cycle 
Time (min) 


Wk-ite Cycie 
Time (max) 


Paclcage 


j»PD4210lC-3 


34 ns 


34 ns 


24-pin 


C-2 


34 ns 


69 ns 


plastic DIP 


C-1 


69 ns 


69 ns 




j*PD42101G-3 


34 ns 


34 ns 


24-pin 


G-2 


34 ns 


69 ns 


plastic minif lat 


G-1 


69 ns 


69 ns 




jttPD42102C-3 


28 ns 


28 ns 


24-pin 


C-2 


28 ns 


56 ns 


plastic DIP 


C-1 


56 ns 


56 ns 




lttPD42102G-3 


28 ns 


28 ns 


24-pin 


G-2 


28 ns 


28 ns 


plastic minif lat 


G-1 


56 ns 


56 ns 




|ttPD42505C-50 


50 ns 


50 ns 


24-pin 


C-75 


75 ns 


75 ns 


plastic DIP 


C-50H 


50 ns 


50 ns 




C-75H 


75 ns 


75 ns 




l*PD42505V-50 


50 ns 


50 ns 


28-pin 


V-75 


75 ns 


75 ns 


plastic ZIP 


V-50H 


50 ns 


50 ns 




V-75H 


75 ns 


75 ns 





60021 



Contact your NEC sales representative for copies of the complete data sheets. 
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Block Diagram 




DiNO -D|N7- 



Data 
Input 
Buffers 



Write 
Column 
Selectors 



Read 
Row Selectors 



Dual-Port 
Storage 
Cell Array 



Write 
Row Selectors 



Read 
Column 
Selectors 



Data 
Output 
Buffers 



X * - DOUTO - D0UT7 



WCK 
RSTW 



Comparison of Dual-Port Line Buffers 



Features 


^PD42101 


f(PD42102 


MPD42505 


Organization 


910x8 


1135x8 


5048 x8 


Speeds (ns) 


34 or 69 


28 or 56 


50 or 75 


4fsc digital teievislon system 


NTSC 


PAL 




Maximum digitai delay (clocks) 


910 


1135 


5048 



OPERATION 
Reset Cycle 

NECls line buffer s require the initialization of internal 
circuits using tlie RSTW/RSTR reset signals before start- 
ing operation as a time axis converter or a digital delay 
line. 

A reset cycle can be executed at anytime an d does not 
depen d on the state of RE or WE. However, RSTW and 
RSTR must satisfy required setup and hold times as 
measured from the rising edges of WCK and RCK. 

W^ite/Read Cycle 

Wi'ite and read cycles are synchronized to their respec- 
tive WCK/RCK inputs and executed individually when 
WCK or RCK is high and WE or RE is low Write data must 
satisfy the setup and hold times as specified from the 



rising edge of WCK. New data written to a particular 
address is available for reading after 1/2 write cycle + 
500 ns (maximum). 

The access time of the read cycle is measured from the 
rising edge of RCK, either by tACR for an access during 
the first cycle directly after a reset begins, or by tAc for an 
access under other conditions. Stored data is read non- 
destructlvely; data can be repeatedly read within a 
prescribed time of 5 ms maximum (20 ms maximum for 
H versions). 

Time Axis Conversion 

In order to use these line buffers as time axis converters, 
write and read cycles must be controlled independently. 
First, write/read ports are initialized separately using the 
reset signals. Then, write cycles are executed in synchro- 
nization with WCK and write data is stored sequentially 
from address of the device. AftenA^ard, when a read 
cycle is executed in synchronization with RCK, stored 
data can be read sequentially from address 0. 

Since write and read cycles can be executed indepen- 
dently, data loaded at one arbitrary drive frequency can 
be read at another arbitrary drive frequency. In this 
sense, the line buffer functions as a time axis converter. 
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Digital Deiay Line 

NEC's line buffers can also easily be used as digital delay 
lines. After initializin g the internal circuits using simulta- 
neous RSTW/RSTR signals, write/read cycles are exe- 
cuted simultaneously by supplying the same pulse to the 
write clock (WCK) and read clock (RCK). The write data 
is always read after the full line delay if neither write nor 
read operation has been inhibited. This is the essential 
delay line function. 

If either WE or RE is set at a nonselected (high) level for 
several cycles while the other is maintained at a selected 
(low) level, the delay line length can differ from the line 
length. 

For example, if only WE is set to a high level (write 
disable ) for a small number of cycles, read cycles are 
executed continuously and the delay line length is large. 
Alternatively, if only RE is set to a high level (read disable) 
for a small number of cycles, write cycles are executed 



continuously and the delay line length is small. Note that 
the minimum delay line length is 10 bits (for maximum 
frequency operation) and the maximum is the length of 
the line buffer. 

A data delay of less than the lin e len gth ca n also be 
obtained by applying the RSTW and RSTR signals at 
different tim es. For example, data is loaded for "m" 
cycles af ter RS TW and then this data is read after 
supplying RSTR. In the case, since write data can be read 
from the beginning after a delay of "m" cycles, the device 
can be used as an "m-bit" digital delay line. 

The RSTW/RSTR reset signals can also be simulta- 
neously loaded at every 1H (horizontal line) period. In 
this case, write data loaded in the previous line cycle is 
read out from the beginning as read data after the reset. 
Therefore, a delay line length can be obtained according 
to the length of the reset signals supplied. 
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NTSC Field Buffer 



Preliminary Information 



Description 

The /iPD42270 is a field buffer designed for NTSC TV 
applications and for other applications where serial 
data is needed. Equipped with four planes of 263-line 
by 910-bit storage, the //PD42270 can execute serial 
write and read cycles on any of the 263 lines. Within a 
line, four planes of 910 bits each may be written or read 
at the NTSC sampling rate of 4fsc- 

Each of the four planes in the )wPD42270 is equipped 
with two ports, one each for the write and read data 
registers. Each of the registers is split into two 455-bit 
segments, but functions as if it were organized as one 
scan line of 910 bits. Independent control of write and 
read operation makes it possible for the device to 
operate synchronously or asynchronously at a clock 
frequency of 14.3 MHz or higher. 

The synchronous option simplifies interframe lumi- 
nance (Y) and chrominance (C) separation and inter- 
field noise reduction and makes it easy to obtain a 
one-field delay line for digital TV and VCR applica- 
tions requiring NTSC 4fsc sampling. To obtain a very 
long delay, field length can be configured from 260 to 
263 lines and line length of the last line from 896 to 
910 bits. 

The asynchronous option is useful in applications 
such as frame synchronization and time base correc- 
tion, where line jump, line hold, line reset and pointer 
clear functions are required to support special effects 
in TV field processing. 

Regular refreshing of the device's dynamic storage 
cells is performed automatically by an internal arbitra- 
tion circuit. All inputs and outputs, including clocks, 
are TTL-compatible. The /iPD42270 is packaged in a 
400-mil, 28-pin plastic DIP and is guaranteed for 
operation at -20 to +70 °C. 

Ordering Information 

Access Time Cycle Time 
Part Number (max) (min) Package 

/uPD42270C-60 40 ns 60 ns 28-pin plastic DIP 



Features 

□ Three functional blocks 

— Four 263-line x 910-bit storage planes 

— 910-bit write register for each plane 

— 910-bit read register for each plane 

□ Two data ports: serial write and serial read 

□ Asynchronous operation 

— Dual-port accessibility 

— Carry-out capability to indicate position of scan 
line 

— Line jump, line hold, line reset, and pointer clear 
functions 

□ Synchronous operation 

— Variable field length: 260 to 263 lines 

— Variable last line length: 896 to 910 bits 

□ Automatic refreshing 

□ CMOS technology 

□ Fully TTL-compatible inputs, outputs, and clocks 

□ Three-state outputs 

□ Single -f5-volt ±10% power supply 

□ On-chip substrate bias generator 

□ Standard 400-mil, 28-pin plastic DIP packaging 



NECEL-001080 



Contact your NEC sales representative for a copy of the complete data sheet. 



8-9 



//PD42270 



SEC 



Block Diagram 
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A(PD43501 
1,024-Channel 
Time-Division Switch 



Preliminary information 



Description 

The/;PD43501 is a time-switch device designed for use 
in a high-performance digital communications net- 
work. Features include a time-switch function by 
which up to 1,024 channels can be exchanged using 
a 16-bit data width, and atoneoutputfunction by which 
an 8-bit tone signal can be output to an arbitrary 
channel. 

Two planes of 1-kword by 8-bit storage area and one 
plane of 1-kword by 10-bit control storage area for the 
time-switch function enable the /iPD43501 to realize 
switching modes in which arbitrary 1,024 or 512 input 
channels can be connected to arbitrary 1,024 or 512 
output channels. The configuration of the tone signal 
output section, one plane of 64-word by 8-bit tone 
storage area and one plane of 1-kword by 8-bit tone 
control storage area, allows the device to output up to 
64 different tone signals to an arbitrary output channel 
as 8-bit voice/tone data. 

Ordering Information 

Part Number Data Transfer Rate (max) Package 

A(PD43501R 8.192 Mbps 132-pin ceramic pin grid 

array (PGA) 



Features 

□ Separate switch storage and control storage to 
allow construction with one VLSI device of a non- 
blocking switching network having a maximum 
capacity of 1,024 channels 

□ Selectable operation 

— 1,024 by 1,024 serial input and output 

— 1,024 by 1,024 parallel input and output 

• 16.384 MHz operating frequency 

• 8.192 Mbps data transfer rate 

— 512 by 512 parallel input and output 

• 8.192 MHz operating frequency 

• 4.096 Mbps data transfer rate 

□ Switching flexibility 

— 8- or 16-bit data width 

— n by 64 kbps connection 

□ Tone signal output function 

□ 8 by 8 space switch for an 8.192 Mbps, 128-channel 
multiplexed line 

□ CPU interfaces for the control storage and tone 
control storage 

□ Low power consumption: 1000 mW (typ) 

□ TTL-compatible inputs and outputs 

□ 132-pin ceramic pin grid array packaging 



NECEL-1540V2 
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Switching Functions 

ModeO 

In this mode, the yt/PD43501 inputs eight 128-channel 
multiplexed lines from ports SIqo through SIq? (or 
from Cloo through CIq/) and outputs eight 128-channel 
multiplexed lines to ports SOqo through SO07 (or COqo 
through CO07). Refer to figure 1 for a functional pin 
diagram. 

Serial input data from the input ports first is converted 
to parallel data by the serial-to-parallel converters in 
the receive section, and then multiplexed and sent to 
the input section of the switch storage area. Since the 
write address counter is synchronized with input data, 
the write address of the switch storage area corre- 
sponds to the time slot number of the input signal. 
Writing multiplexed data to the switch address speci- 
fied by the write address counter causes input data in 
the time slot corresponding to the switch address 
always to be stored at that address (figure 2). 

Conversely, a control storage address corresponds to 
an output-side time slot number, and the data in control 
storage indicates the switch storage address, i.e., the 
input-side time slot number is stored at the control 
storage address corresponding to the output-side time 
slot to which the input-side is transferred. 

The address signal is sent from the read address 
counter to control storage in synchronization with 
each output-side time slot. Data read out by this 
operation is then sent to the switch storage area as the 
address signal, and the data in the specified address 
(input-side time slot) is then read out on the output side 
and switched. Switched data is sent to the parallel-to- 



serial converters in the transmission section, where it 
is converted to serial data and then output to the 
appropriate output ports. 

With this switching function, the data in an arbitrary 
time slot on the input side can be output as data in an 
arbitrary time slot on the output side. Furthermore, in 
addition to the time division switch function, a space 
switch function enables switching time slots on any of 
the eight input ports to be output on any of the eight 
output ports. This means that a nonblocking 8x8 
space switch for 128-channel multiplexed lines can be 
realized. 

Mode 1 

Mode 1 makes it possible for the )t/PD43501 to input 
512-channel multiplexed lines (4.096 Mbps by 8 bits), 8 
bits in parallel, and output 512-channel multiplexed 
lines, 8 bits in parallel. The input signals received on 
the input ports are sent to the switch storage area in 
parallel, after which the same switching functions 
described in Mode are then performed. 

Mode 2 

In Mode 2, the //PD43501 inputs 1,024-channel multi- 
plexed lines (8.192 Mbps by 8 bits), 8 bits in parallel, 
and outputs 1,024-channel multiplexed lines, 8 bits in 
parallel. The input signals received on the input ports 
are sent to the switch storage area in parallel, after 
which the same switching functions described in 
Mode are performed. 
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Block Diagram 
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Time Slot Versus Frame Configuration 



Sloo^ (ILO). 
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Frame Configuration 
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1 


1 B3 


1 B2 1 B1 


1 BO 1 


B7 


1 B6 


T-fr-r 



Notes: 

[1] ILs input line 
[2] OL = output line 
[3] TS s time slot 
[4] CH = channel 
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Package Drawings 



NEC 



Section 9 
Package Drawings 



Package/Device Cross-Reference 


9-3 


28-Pin Plastic SOP (375 mil) 


9-5 


30-Pin Plastic Slirinl< DIP (400 mil) 


9-5 


40-Pin Plastic DIP (600 mil) 


9-6 


40-Pin Ceramic DIP With Side-Brazed Leads 


9-7 


(600 mil) 




40-Pin Cerdip (600 mil) 


9-8 


44-Pin PLCC 


9-9 


48-Pin Plastic DIP (600 mil) 


9-10 


52-Pin Plastic IVliniflat (3.5-mm leads) 


9-11 


52-Pin Plastic Miniflat (1.8-mm leads) 


9-12 


52-Pin PLCC 


9-13 


64-Pin Plastic IVIiniflat 


9-14 


64-Pin Plastic Shrink DIP (750 mil) 


9-15 


68-Pin PLCC 


9-16 


74-Pin Plastic Miniflat 


9-17 


80-Pin Plastic l\4iniflat (2.35-mm leads) 


9-18 


80-Pin Plastic l\/liniflat (1.8-mm leads) 


9-19 


84-Pin PLCC 


9-20 


94-Pin Plastic Miniflat 


9-21 


100-Pin Plastic Miniflat 


9-22 


132-Pln Ceramic PGA 


9-23 



9-2 



SEC 



Package Drawings 



Package/Device Cross-Reference 



Package 


Device, fiPD 


28-Pln Plastic SOP (375 mil) 


71065G 


30-Pin Plastic Shrink DIP (400 mil) 


71066CT 


40-Pln Plastic DIP (600 mil) 


765AC2 




765B 




7201 AC 




72001 C 




72001 C-11 




72020C-8 




72061 C 




72065C 




72065BC 


40-Pin Ceramic DIP With Side-Brazed Leads 


7201 AD 


(600 mil) 


7220AD 




7220AD-1 




7220AD-2 




7261AD 




1 CM 1 OW lO 






40-Pin Cerdip (600 mIO 


7262D12 




7262D18 


44-Pin PLCC 


72065L 




72065BL 


48-Pin Plastic DIP (600 mil) 


72067C 


52-Pln Plastic Miniflat (3.5-mm leads) 


7225G-00 




72065G 


52-Pln Plastic IVIiniflat (1.8-mm leads) 


72001 GC-3B6 




72001 GC-3B6-11 




72020GC-8-3B6 




72061 GC-3B6 




72065GC 




72065BGC-3B6 




72067GC-3B6 



Package 


Device, fiPD 


52-Pin PLCC 


72001 L 




72001 L-11 




/ £UO 1 L 




72067L 


AA.Pin Plflctir^ Miniflat 
0*r-rin rlaSlIC IVIiniTlal 




64-Pln Plastic Shrini< DIP (750 mil) 


72111CW 






68-Pin PLCC 


72022L 




72111L 




72185L 


74-Pin Plastic Miniflat 


72111GJ-5BJ 


80 -Pin Plastic IViiniflat (2.35-mm leads) 


7228G-12 




7228AG-12 


ou-rin riastic MiniTiat (i.o-mm leaas) 


72022uir-ob9 




72068GF-3B9 


84-Pin PLCC 


72068L 




72069L 




72120L 




72123L 


94-Pin Plastic Miniflat 


72120J-5BG 




72123GJ-5BG 


100-Pin Plastic Miniflat 


72069GF-3BA 


132-Pin Ceramic PGA 


72123R 
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Package Drawings 



28'Pin Plastic SOP (375 mil) 



Item 



1.6 



1.27 [TP] 



0.8 ±0.2 



Inches 



.063 



.050 UP] 



RRRHRHRRRRRRRR 




30-Pin Plastic Siirink DIP (400 mil) 



28.46 max 



10.16 rrp] 



8.6 



1 .78 max 



1.778 [TP] 



0.85 min 



S30C-70-400B 



1.120 max 



.400 [TP] 



.070 max 



■070 [TP] 



.033 min 



30 16 
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Package Drawings 
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40'nn nastiG Dtp (600 mil) 



Horn 


Mllllmetars 


Inches 


A 


53.34 max 


2.100 max 


B 


15.24 [TP] 


.600 [TP] 


C 


13.2 


.520 


D 


5.72 max 


.225 max 


E 


4.31 max 


.170 max 


F 


3.6 ±0.3 


.142 ±.012 


G 


2.54 max 


.100 max 


H 


2.54 [TP] 


.100 [TP] 




1.2 min 


.047 mIn 


J 


0.51 mIn 


.020 mIn 


K 


0.5010.10 


.020 ±.004 


L 


25 *°''° 
-0.05 




M 


0.25 


.010 



0-15* 
P40C-100-60QA 



40 

n n n 



21 

nnnnnnnnnnnnnnnn 



U U U U U U 
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Package Drawings 



40''Pin Ceramic DIP With Side-Brazed Leads (600 mii) 



Item 


Millimeters 


Inches 


A 


53.34 max 


2.100 max 


B 


2.54 max 


.100 max 


C 


2.54 (TP) 


.100 (TP) 


D 


0.46 ±0.05 


.018 ±.002 


F 


0.92 min 


.036 min 


G 


3.5 ±0.3 


.138 ±.012 


H 


1.0 min 


.039 min 


1 


2.64 


.104 


J 


4.57 max 


.180 max 


K* 


15.24 (TP) 


.600 (TP) 


L 


14.93 


.588 


M 


0.25 ±0.05 




N 


0.25 


.010 


* Item K to center of leads 
when formed parallel. 



— »A<— 0-15 



4HHHHH] 



KHHH 



KH) 



[Ql N ®| 




P40D-100-600A 



9-7 



Package Drawings 



NEC 



40-Pin Cen/ip (600 mil) 



Item 


Millimeters 


Inches 


A 


53,34 max 


2.100 max 


B 


2.54 max 


.100 max 


C 


2.54 (TP) 


.100 (TP) 


D 


0.50 ±0.10 


020 •*■ 

-.005 


F 


1.2 min 


.047 min 


G 


3.5 ±0.3 


.138 ±.012 


H 


0.51 min 


.020 min 


1 


3.80 


.150 


J 


5.08 max 


.200 max 


K* 


15.24 (TP) 


.600 (TP) 


L 


13.21 


.520 


M 


0.25 ±0.05 




N 


0.25 


.010 




* Item K to center of leads 
wlien formed parallel. 



40 21 
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Package Drawings 



44-PlnPLCC 



Item 


Millimeters 


inches 




17.5 ±0.2 


.689 ±.008 


B 


16.58 


.653 


C 


16.58 


.653 


D 


17.5 ±0.2 


.689 ±.008 


E 


1.94 ±0.15 


.076 ±.006 


F 


0.6 


.024 


G 


4.4 ±0.2 


.173 ±.008 


H 


2.8 ±0.2 


.110 ±.008 


1 


0.9 min 


.035 min 


J 


3.4 


.134 


K 


1.27 (TP) 


.050 (TP) 


M 


0.40 ±0.10 


.016 ±.004 


N 


0.12 


.005 


P 


15.50 ±0.20 


.610 ±.008 


Q 


0.15 


.006 


T 


0.8 radius 


.031 radius 


U 




.008 



c 
c 
c 

44 C 

1 -E 

c 

L 
C 
C 
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48'Pin Ptasiic DIP (600 mil) 



Item 


Millimeters 


Inches 


A 


63.50 max 


2.500 max 


B 


15.24 [TP] 


.600 [TP] 


C 


13.8 


.543 


D 


5.72 max 


.225 max 


E 


4.31 max 


.170 max 


F 


3.6db0.3 


.142 ±.012 


G 


2.54 max 


.100 max 


H 


2.54 [TP] 


.100 [TP] 


1 


1.1 min 


.043 min 


J 


0.51 min 


.020 min 


K 


0.50 ±0.10 


.020 ±.004 


L 


25-'°''° 
""^^ -0.05 




M 


0.25 


.010 



48 



25 



nnnnnnnnnnnnnnnnnnnnnnnn 
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Package Drawings 



S2'Pin Plastic MlnttM (3JS^m ieaOs) 



Item 


Millimeters 


Inches 


A 


21.0 ±0.4 


.827 ±.016 


B 


14.0 ±0.2 


+ .009 
•55^ - .008 


C 


14.0 ±0.2 


•^^^ -.008 


D 


21.0 ±0.4 


.827 ±.016 


F 


1.0 


.039 


G 


1.0 


.039 


H 


0.40 ±0.10 


•0^® - .005 


1 


0.20 


.008 


J 


1.0 (TP) 


.039 (TP) 


K 


3.5 ±0.2 


+ .008 
- .009 


L 


2.2 ±0.2 


+ .009 
- .008 


M 


Q 5+0.10 


006 + 
•0°® - .003 


N 


0.15 


.006 


P 


26 +°-2 
2* -0.1 


102 +009 
- .004 


Q 


0.1 ±0.1 


.004 ±.004 



11 



lip 
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S2-Pin Plastic Mlnlflat (l.a-mm leads) 



Item 


Millimeters 


Indies 


A 


17.6 ±0.4 


.693 ±.016 


B 


14.0 ±0.2 


--^ + .009 
'^^^ -.008 


C 


14.0 ±0.2 


--^ + .009 
•^^^ -;008 


D 


17.6 ±0.4 


.693 ±.016 


F 


1.0 


.039 


G 


1.0 


.039 


H 


0.40 ±0.10 


— .005 


1 


0.20 


.008 


J 


1.0 (TP) 


.039 (TP) 


K 


1.8 ±0.2 


071 +008 
■^^^ -.009 


L 


0.8 ±0.2 


031 

'^^^ -.008 


M 


15 

"•^^ -0.05 


.006 ^004 
• " - .003 


N 


0.15 


.006 


P 


2.7 


.106 


Q 


0.1 ±0.1 


.004 ± .004 


R 


0.1 ±0.1 


.004 ±.004 


S 


3.0 max 


.119 max 



G H 



lei ' ®i m 



n 




Enlarged detail of lead end 



N~l L-J L- 



PS26C-100-3B6 
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Package Drawings 



S2''PinPLCC 



item 


Millimeters 


Indies 


A 


20.1 ±0.2 


.791 ±.008 


B 


19.12 


.753 


C 


19.12 


.753 


D 


20.1 ±0.2 


.791 ±.008 


E 


1.94 ±0.15 


.076 ±.006 


F 


0.6 


.024 


G 


4.4 ±0.2 


.173 ±.008 


H 


2.8 ±0.2 


.110 ±.008 


1 


0.9 min 


.035 min 


J 


3.4 


.134 


K 


1.27 (TP) 


.050 (TP) 


M 


0.40 ±0.10 


.016 ±.004 


N 


0.12 


.005 


P 


18.04 ±0.20 


.710 ±.008 


Q 


0.15 


.006 


T 


0.8 radius 


.031 radius 


U 


°-20.0.05 


- .002 



c 
c 
c 
c 
c 

52C 
1-E 

c 
c 
c 
c 
c 
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64^Pin Plastic Miniflat 



Kern 


Millimeters 


Inches 


A 


24.7 ±0.4 


+ .017 


B 


20.0 ±0.2 


^ + .009 


C 


14.0 ±0.2 


+ .009 
•551 -.008 


D 


18.7 ±0.4 


.736 ± .016 


F 


1.0 


.039 


G 


1.0 


.039 


H 


0.40 ±0.10 


•°^^ - .005 


1 


0.20 


.008 


J 


1.0 (TP) 


.039 (TP) 


K 


2.35 ±0.2 


093 ■'•^^^ 
•°9^ - .009 


L 


1.2 ±0.2 




M 


"•/■^ -0.05 




N 


0.15 


.006 


P 




•°^^ - .005 


Q 


0.1 ±0.1 


.004 ± .004 



m I ®i m 
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Package Drawings 



64^Pin Plastic Shrink DiP (rso mil) 
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NEC 



ea-PinPLCC 



Item 


Millimeters 


Inches 


A 


25.2 ±0.2 


.992 ±.008 


B 


24.20 


.953 


C 


24.20 


.953 


D 


25.210.2 


.992 ±.008 


E 


1.94db0.15 


076 + 007 
-.006 


F 


0.6 


.024 


G 


4.4 ±0.2 


+.009 
•^'^-.008 


H 


2.810.2 






0.9 min 


.035 min 


J 


3.4 


.134 


K 


1.27 (TP) 


.050 (TP) 


M 


0.40 ±0.10 




N 


0.12 


.005 


P 


23.1210.20 


9.Q+.OO9 
•^^"-.008 


Q 


0.15 


.006 


T 


0.8 radius 


.031 radius 


U 







c 
c 
c 
c 
r 
c 
c 

68E 
1~€ 
C 
C 

c 
c 
c 
c 
c 
c 



nnnnnnnnnnnnnnnnn- 



UUUUUUUUUUUUUUUUU- 



3— c D 
□ 
□ 



T 



7] 





i4' 



V89 
S3YL-5S61B 



9-16 



NEC 



Package Drawings 



74^Pin Plastic MinttM 







Inches 


A 


23.2 ±0.4 


.913 


+ .017 
-.016 


Q 


20.0 ±0.2 


.787 


+ .009 
-.008 


Q 


20.0 ±0.2 


.787 


+ .009 
-.008 




23.2 ±0.4 


.913 


+ .017 
-.016 


F1 


2.0 


.079 




F2 


1.0 


.039 




G1 


2.0 


.079 




G2 


1.0 


.039 




H 


0.40 ±0.10 


.016 


+ .004 
-.005 


1 


0.20 


.008 




J 


1.0 (TP) 


.039 (TP) 


K 


1.6 ±0.2 


.063 ±.002 


L 


0.8 ±0.2 


.031 


+ .009 
-.008 


M 


+0.10 
-0.05 


.006 


+ .004 
-.005 


N 


0.15 


.006 




P 


3.7 


.146 




Q 


0.1 ±0.1 


.004 ±.004 


R 


0.1 ±0.1 


.004 ±.004 


S 


4.0 max 


.158 


max 



or 
cm: 

□E 



Gl 



H 



J 



G2 



Enlarged detail of lead end 




L- ]o| N I L-J U 



-4" 



S74GJ-100-5BJ 
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BO'PIn Plastic Miniflat (2,S&mm leads) 



Item 


Millimeters 


Inches 


A 


24.7 ±0.4 


.972 ±.01 6 


B 


20.0 ±0.2 


^ +.009 

.787 Ma 

—.008 


C 


14.0 ±02 


•551 

—.008 


D 


18.7 ±0.4 


.736 ±.016 


F 


1.0 


.039 


G 


0.8 


.031 


H 


0.35 ±0.10 


014 + 004 


1 


0.15 


.006 


J 


0.8 (TP) 


.031 (TP) 


K 


2.35 ±0.2 


««« +.009 
.093 _ 


L 


1.2 ±0.2 


047 +.009 
-.008 


M 




or\R + 004 
■°°^-.002 


N 


0.15 


.006 


P 


If 


+.008 
•081 -.004 


R 


0.1 ±0.1 


.004 ±.004 




+ 



.2< 




I 

r®|lz3 



:i|iii!i!i!i!iii!i!i!i!i!aii!iii|i|i|i!i|iii!i!iir 
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Package Drawings 



80-Pin Plastic Mlniflat (ua-mm ieada) 



Item 


Millimeters 


Inches 


A 


23.6 dbO.4 


.v£sf X.U1 D 


B 


20.0 ±0.2 


•787 008 


C 


14.0 ±0.2 


+.009 
—.008 


D 


17.6 ±0.4 


.693 ±.016 


F 


1.0 


.039 


G 


0.8 


.031 


H 


0.35 ±0.10 


+.004 
-.005 


1 


0.15 


.006 


J 


0.8 (TP) 


.031 (TP) 


K 


1.8 ±0.2 


•071 _ 008 


L 


0.8 ±0.2 


.031 

-.008 


M 




+.004 


N 


0.15 


.006 


P 


2.7 


.106 


Q 


0.1 ±0.1 


.004 ±.004 


R 


0.1 ±0.1 


.004 ±.004 


S 


3.0 max 


.118 max 



Pin Detail 




P80GF-80-3B9 



83IH-SS43B (6/89) 
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84'PinPLCC 



itom 


MllllmSISrs 


Inchos 


A 


30.2 ±0.2 


1 .189 ±.008 


B 


29.28 


1.153 


C 


29.28 


1.153 


D 


30.2 ±0.2 


1.189 ±.008 


E 


1.94 ±0.15 


.076 ±.006 


F 


0.6 


.024 


G 


4.4 ±0.2 


.173 ±.008 


H 


2.8 ±0.2 


.110 ±.008 




0.9 min 


.035 min 


J 


3.4 


.134 


K 


1.27 (TP) 


.050 (TP) 


M 


0.40 ±0.10 


.016 ±.004 


N 


0.12 


.005 


P 


28.20 ±0.20 


1.110 ±.008 


Q 


0.15 


.006 


T 


0.8 radius 


.031 radius 


U 


20 ^-^^ 
"■'^"-0.05 


■°°®-.002 



c 
c 

E 
C 
C 
C 

c 
c 
c 

84 C 
1— E 
C 

c 
c 
c 
c 
c 
c 
c 

E 

c 
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Package Drawings 



04'Pin Plastic Mini fiat 



Item 


Millimeters 


Inches 


A 


23.2 ±0.4 


.913 


+.017 
-.016 


B 


20.0 ±0.2 


.787 


+.009 
-.008 


C 


20.0 ±0.2 


.787 


+.009 
-.008 


D 


23.2 ±0.4 


.913 


+.017 
-.016 




1.6 


.063 




fiL_ 


0.8 


.031 




^1 


1.6 


.063 




Go 
2 


0.8 


.031 




H 


0.35 ±0.10 


.014 


+.004 
-.005 


1 


0.15 


.006 




J 


0.8 (TP) 


.031 (TP) 


K 


1.6 ±0.2 


.063 ±.008 


L 


0.8 ±0.2 


.031 


+.009 
-.008 


M 


15 

"•^^ -0.05 


.006 


+.004 
-.003 


N 


0.15 


.006 




P 


3.7 


.146 




Q 


0.1 ±0.1 


.004 ±.004 


R 


0.1 ±0.1 


.004 ±.004 


S 


4.0 max 


.158 max 



Detail of lead end 
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Package Drawings 



132'Pin Ceramic PGA 
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\ 




o 


2 
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o 
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o 


1 



Locator Pin 



J i 




Hem 


Millimsters 


inches 


A 


35.56 ±0.4 




D 


35.56 ±0.4 


^•*«<>:;S,1 


E 


1.27 


.050 


F 


2.54 (TP) 


.100 (TP) 


G 


2.8db0.3 




H 


0.5 min 


.019 min 


1 


2.9 


.114 


J 


4.57 max 


.180 max 


K 


01.2 ±0.2 
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Package Drawings 



FIELD SALES OFFICES 



NORTHEAST REGION 


SOUTH CENTRAL REGION 


SOUTHEAST REGION 


MIDWEST REGION 


NORTHWEST REGION 


One Natick Executive Park 


16475 Dallas Parkway 


6625 The Corners Parkway 


1500 West Shu re Drive 


401 Ellis Street 


Natick. MA 01760 


Suite 380 


Suite 210 


Suite 250 


RO. Box 7241 


TEL: 508-655-8833 


Dallas, TX 75248 


Norcross, GA 30092 


Arlington Heights, IL 60004 


Mountain View, CA 94039 


FAX: 508-655-1606 


TEL: 214-931-0641 


TEL: 404-447-4409 


TEL: 312-577-9090 


TEL: 415-965-6200 


200 Perinton Hills 


FAX: 214-931-1182 


FAX: 404-447-8228 


FAX: 312-577-2147 


FAX: 415-965-6683 


Office Park 




901 Lake Destiny Drive 


340 E. Big Beaver Road 


Two Lincoln Center 


Fairport, NY 14450 




Suite 320 


Suite 210 


10220 S.W. Greenburg Road 


TEL: 716-425-4590 




Maitland, FL 32751 


Troy, Ml 48083 


Suite 125 


FAX: 716-425-4594 




TEL: 407-875-1145 


TEL: 313-680-0506 


Portland, OR 97223 


2 Jefferson St. 
Suite 103 




FAX: 407-875-0962 
2525 Meridian Parkway 


FAX: 313-680-1015 
1550 East 79th Street 


TEL: 503-245-1600 
FAX: 503-245-3716 


Poughkeepsie, NY 12601 




Suite 320 


Suite 805 


14001 East Miff Avenue 


TEL: 914-452-4747 




Durham, NC 27713 


Bloomington, MN 55425 


Suite 411 


FAX: 914-471-2853 




TEL: 919-544-4132 


TEL: 612-854-4443 


Aurora, CO 80014 


Two Jericho Plaza 
Jericho, NY 11753 




FAX: 919-544-4109 


FAX: 612-854-1346 
Busch Corporate Center 


TEL: 303-755-6353 
FAX: 303-755-6728 


TEL: 516-932-5700 






6480 Busch Blvd., Suite 121 


SOUTHWEST REGION 


FAX: 516-932-5710 

Six Neshaminy Interplex 
Suite 203 






Columbus, OH 43229 
TEL: 614-436-1778 
FAX: 614-436-1769 


200 E. Sandpointe, BIdg. 8 
Suite 460 

Santa Ana, CA 92707 


Trevose, PA 19047 






30050 Chagrin Blvd. 


TEL: 714-546-0501 


TEL: 215-638-8989 






Suite 320 


FAX: 714-432-8793 


FAX: 215-638-1794 






Pepper Pike, OH 44124 
TEL: 216-831-0067 
FAX: 216-831-0758 


Encino Office Park Two 
6345 Balboa Blvd. 
Suite 240 
Encino, CA 91316 
TEL: 818-342-3111 
FAX: 818-342-0842 
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NEC Electronics Inc- 
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